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CANCER CELL SURVIVAL MODEL
AFTER PHOTODYNAMIC THERAPY

Karami-Gadallo L., Pouladian M.
Islamic Azad University, Tehran, Iran

Abstract

Photodynamic therapy (PDT) is known as a routine treatment method in which cell survival index like viability plotted versus 'O, concentration or
light fluence in the form of a curve. In this paper, a mathematical model was proposed with ability of generating a mirrored-sigmoid curve which
seems to be fitted to any experimental data relating to cell viability, survival probability or any cellular index representing living conditions through
adjusting three parameters. It was validated by showing an excellent curve fitting relatively with data obtained from cancerous lung cells under
ALA-PDT process in vitro.

It was tried to define the relations between model’s parameters and biological/clinical factors with the curve regions of plateau (at low doses; non-
sensitive part), steep (high-sensitive part), and steady state (at high doses; low-sensitive part). It seems this model could be excellently fitted to any
data presenting the cell-living index versus the killer agent in «any cancer therapy technique (e.g. radiotherapy)». Although this claim showed to
be correct for PDT, different relevant data of other researchers should also be used for this model and other usual models too, in order to compare
their fitness rates.

Key words: cell survival curve, mathematical modeling, photodynamic therapy.

For citations: Karami-Gadallo L., Pouladian M. Cancer cell survival model after photodynamic therapy, Biomedical Photonics, 2022, vol. 11, no. 2,
pp. 4-11. doi: 10.24931/2413-9432-2022-11-2-4-11.
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MOLEJ1Ib BBIXXMBAEMOCTI OINMYXOJIEBBIX KJITETOK
NOCHE POTAIMNHAMMNHECKOWM TEPATTNA

Karami-Gadallo L., Pouladian M.
Wcnamckuii YHnBepcuteT A3aa, TerepaH, MpaH

Peslome

Mpu npoBepeHnn dotoguHammyeckoi Tepanumn (OAT) NHAEKC BbIXKMBAaEMOCTU (KM3HECMOCOOHOCTD) KIIETOK B 3aBUCMMOCTU OT KOHLIEHTPa-
umm 'O, MM NIOTHOCTA MOWHOCTM 06/1y4eHns Ha rpadvike NpeacTaBaAeT coboii KpuByto. B 3Tol cTaTbe 6bina npeanoxeHa matematnye-
cKaA Mofenb C BO3MOXHOCTbIO MOCTPOEHNA 3ePKaJibHO-CUTMOBUAHOW KPYBOW, KOTOPas, MO MHEHMIO aBTOPOB, MOXET ObITb MCNOJNIb30BaHa
AJ15 JII0ObIX SKCMEePVIMEHTaNbHbIX AaHHBIX, KacaloLWMXCA XMN3HECMOCOOHOCTU KNETOK IV BEPOATHOCTY BbKMBAHUA, MyTEM HAaCTPOKY Tpex
napameTpoB. 3TO OblfI0 MOATBEPXKAEHO AEMOHCTPALIMEN COBMAAEHUA KPMBOI C AaHHBIMU, NOAYUYEHHbIMU B dKCnepumeHTe in vitro gna OAT ¢
5-aMMHONEBYIMHOBOW KVCNOTON KETOK paka JIerkoro.

Bbina npeanpuHATa NonbiTKa onpeAenvTb B3aMMOCBA3b MeXAy NapameTpamu 61051ornyeckon Moaeny n GopmMon yyacTKoB Kprsoi. Mpu
HV3KMX [j03aX Habnoganm Ha KpMBOW y4acToK MmaTo (HeYyBCTBUTENbHAA YacTb), MPY CpefHMX A03aX — y4acTOK KPYTOro nogbema (BbICOKO-
YyBCTBUTESNIbHAA YaCTb) U MPU BbICOKMUX A03aX — CTaLMOHAPHOE COCTOAHME (HN3KOUYBCTBUTENbHAA YacTb). ABTOPbI CYMTAIOT, YTO MPeJIOKEH-
HasA MMM MOZENb MOXET ObITb MPMMEHEHA K OMUCaHMIO JTI0ObIX JaHHbIX, MPEACTaBNALMX COO0I NoKa3aTesb BbIXKMBAEMOCTU KNETOK, B 3aBU-
CUMMOCTU OT A03bl BO34ENCTBUA MPU NII0OOM MeTOoAe NeYeHUs paka (Hanpumep, Npu ny4yeBoil Tepanum). XoTa 3TO YTBEPXKAEHME OKa3anocb
BepHbiM ana O[IT, npefcTaBnAeTCcA NePCneKTUBHOW OLIeHKa MPUrOAHOCTN NPeIOKEHHON MOAENN ANA APYrX JaHHbIX.

KnioueBble cnoBa: KpuBble BbI>KMBAa€MOCTU KJIETOK, MaTeMaTn4yeCckoe moaennpoBaHue, ¢0TOAVIHaMI/I'-IeCKaFI Tepanua.

Ana untuposanua: Karami-Gadallo L., Pouladian M. Cancer cell survival model after photodynamic therapy // Biomedical Photonics. — 2022.
-T.11,N2 2. - C. 4-11. doi: 10.24931/2413-9432-2022-11-2-4-11.

KonTtaktbi: L. Karami-Gadallo, e-mail: leilakarami271@yahoo.com
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Introduction

In order to treat cancer in human, there are different
techniques depending on some factors such as type
and stage of cancer, specifications of 3D-contour
of cancerous tissues (planned tumor volume: PTV),
surrounded healthy organs (especially organs at risk:
OAR), and cancer distribution from skin toward depth in
the diseased organs.

Inadditiontotraditional methodsfor cancertherapy
such as chemotherapy, other techniques might apply
photons (from low-frequency electromagnetic waves
till x- and gamma-rays), accelerated massy particles
(e.g. electrons, neutrons, protons and atoms) and/or
mechanical waves (e.g. ultrasound beam). Such rays
or beams should transfer energy into the tissues with
so characteristics (i.e. spatial/temporal distribution
of its intensity) that maximally kill the cancerous
cells (through necrosis or apoptosis, mostly) whilst
minimally harm surrounding healthy cells. In order to
optimize the absorbed energies, a proper treatment
plan is required. Different type/energy of any beam/
ray has different interactions with the surface to inner
tissues leading to different absorbed doses within
them. For example, the electron beam is proper for skin
and superficial cancers because of its low penetration
depth (below a few cm). Although, such beams lead to
apoptosis of the cells, unfortunately, generation and
applying of them are relatively expensive, complicated
and time consuming in addition to their ionization
problems for healthy cells.

In contrast, some relatively low cost and accessible
techniques are just applying non-ionization waves such
as the laser or ultrasound (in the form of high intensity
focused) to provide hyperthermia and necrosis in
cancerous cells.

Recently, a lot of low power techniques provide some
‘killer agents’ between cancerous cells using a substance
which would be toxic after radiation e.g. photodynamic
therapy (PDT).

PDT is a promising treatment modality for cancer
therapy using photosensitizer (PS), oxygen and light to
destroy malignancy. Photochemical reactions between
PS, light and oxygen in the cells leads to production of a
cytotoxic agent known as singlet oxygen which could kill
the cell. In contrast to chemotherapy and conventional
radiotherapy, PDT is known as a minimally invasive
technique with selectivity in cancer treatment without
any complicated side effects [1-8].

The effectiveness of PDT depends on a large number
of parameters including the type and dose of PS, the
presenting oxygen level within the cells, the specifications
of applied light (including its wavelength and irradiance
and also the start/end instants of irradiation after PS
incubation) and the optical properties of the tissue at the
applied wavelength as well as the type and spreading

out of the cancer [9]. In the cases of deep cancers (e.g.
head and neck or liver cancer), PDT is performed through
optical fibers to reach the light photons to cancerous
region [10].

In order to determine the optimized parameters
to obtain the most effectiveness of PDT, a variety of
experimental and theoretical methods have been
suggested by a number of researchers.

In addition to introducing the reliable techniques for
PDT dosimetry, our objective in this work was to show
the role of the PDT dose in the cell survival through
modeling their relation. Some treatment factors (e.g.
type and characteristics of drug and light), biological
conditions (e.g. cancer type and its distribution) and
instrumentation specifications could have main roles
in selecting dosimetry method [11]. Some investigators
have compared two reported PDT dosimetry techniques
through measurement of the 'O, luminescence or
the PS photobleaching fluorescence by which the 'O,
production or the PS consumption respectively could also
be tracked during treatment [12]. Some researchers have
proposed a microscopic model using the six differential
equations (SDE) representing the complex reactions
between PS, 0, molecules, and the emitted photons for
producing 'O, which could react with nucleus receptors
leading to apoptosis and cell death [13-14]. Some
models quantitating PDT cytotoxicity through showing
the relation between survival ratio and different types of
killer agents has been introduced by some researchers
[15-16]. In one survival model, in addition to the main
killer agent [102], the unoxidized receptors concentration
(denoted by [R]) was also accounted as the model’s inputs
[17]. In other words, they added another differential
equation showing survival ratio to SDE. Unfortunately,
moreover the dependency between these two inputs,
[R] could not be obtained practically by measurement.
It should be extracted from solving SDE with the inputs
of PS concentration, photon density and some variable’s
initial conditions.

The PDT appears to stimulate several different
signaling pathways, some of which lead to cell death,
via caspase-dependent and -independent apoptosis
whilst some other might cause cell survive depending
on biological (e.g. cell type and cell’s oxygen magnitude
or hypoxia occurrence) and treatment (e.g. structure and
concentration of PS, light fluence, and spatial/temporal
conditions of PS distribution during irradiation) factors.
Additionally, some other factors such as increased repair
of induced damage to membrane, to proteins and
occasionally to DNA [18], as well as cell cycle phase [19]
might also cause resistant to PDT.

Based on these two different cell responses, two
pathways with two different resistances against the
killer agent could be imagined. Therefore, we would
try to make such two-path model for estimation of cell

OPUTUHAJIBHbBIE CTATbA
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response with only one practical input representing
a reliable killer agent (which could be [102], fluence or
irradiation time duration).

Materials and methods

Usually, increasing PDT dose (even till infinite dose)
cannot reach the cell living index (e.g. survival ratio or
viability) to zero or in other words mostly there is ‘non-
zero steady state’ It happens because of two possible
classes of reasons: measurement error of index and
survivor cells.

First class of reason includes common mode factors
affecting the index measurement such as background
noise and recording (instrumentation) errors. Second
class of reasons might correspond to hypoxia occurrence
(leading to stopping 1O2 generation); lack of enough PS;
the cells far from access of diffused PS and/or photons;
and other factors making the killing process unsuccessful
(e.g. cell repair mechanisms).

Therefore, it's possible to make all of the cells to be
killed under treatment by increasing PDT-dose, especially
by applying simultaneously another treatment technique
too (e.g. hyperthermia or photon therapy). At first, the
survival index with non-zero steady state is analyzed to
be modeled.

Model of nonzero steady-state survival index

Since the resistances of the cells against death
determine the living index, we could divide the targets
(including the cells) under applying killer agent (i.e. PDT
dose) in two groups:

1. dose-independent group with constant resistance
against the dose variations as shown in Fig. 1 in the form
of horizontal line at resistance 40 au (arbitrary unit);

2. sensitive dose-dependent group from infinite
resistance at zero dose with an ascending manner toward
aresidual resistance (e.g.at 20 au in Fig. 1) at infinite dose.

By paying some attentions to the data presenting the
relation of index (viability or survival ratio) versus [‘02] (as
PDT-dose or d) which obtained in vitro studies by a lot of
researchers [17,20], it could be seen as a «hyperbolical»

Karami-Gadallo L., Pouladian M.
Cancer cell survival model after photodynamic therapy

curve (i.e. 1/d) fitted between logarithm of index versus
d. Hence, for ‘sensitive cells’ the relation of resistance R,
could be considered as the form of below:

R =R, " ()

In which the parameter of R_ is the resistance of
sensitive cells at infinite d and s shows the sensitivity (in
Fig. 1, sis 0.25 for more and 0.07 for less sensitive curves;
R_is 20 for both).

Two resistances of non-sensitive Rns (i.e. constant RO)
and sensitive R (i.e.Eq. 1) actin parallel to make the total
resistance of all cells as (R*R )/(R+R_) which simplified
in the form of

RO/[1+(R0/Rw)*exp(-1/s*d)] appeared as a mirrored
(right-to-left) “S"-shaped (i.e. mirrored sigmoidal).

Finally, we could present our model in the following
equation to quantitate the PDT response “with nonzero
steady state” (i.e. nonzero v at infinite d) as the variable v

versus d as: v

_ 0

Wd) = )

where v(d) can be interpreted as either the cell
viability, the survival index, the numbers of cells, or the
probability of cell survival with setting relevant (positive)
value of parameters v, (i.e. 100 or 1), m, and s for each
one. In Fig. 2, the effect of m variation on the steady state
(up) and s variation on the slope or sensitivity (down)
could be seen for mirrored-sigmoid curve of Eq.2.

The parameters Concepts of the Model

In Eq. 2, the parameter v, means the magnitude of v at
d equals to 0 (usually V,is 100 or 1), whilst at‘steady state’
d=coitisv_= v/(1+m). Hence, the parameter m could be
calculated based on the initial condition v, and the final
condition v_ (if presented) as follows:

m=(v,-v)/v_ (3)

The parameter s shows the slope of descending part
of mirrored sigmoid curve and relates to sensitivity.

It could be obtained by setting d at value 1/s (in Eq.2)
at which vreaches to 1/(1+m/e) of its initial (v,)as follows:

V(atd = s"l) =L_] 4)
1+ me

100

T T

a0F
801
Less Sensitive
60

50
Dose Independent

Puc. 1. [Iea TMNa yCTOWYMBOCTH
KNETOK MpU U3MEHEeHUU napame-
e TpoB PAT: pos3os3aBucumas (aBa
TUMUYHbIX C/lydasi C BbICOKOW U
HU3KOW YYBCTBUTENbHOCTbIO) W
N NOCTOSIHHAsA YCTOWYMBOCTb (HEUyB-
cTBUTeNbHasA). Ocu umeroT npo-

Resistance

40

30—

WU3BOJIbHblE €JUHULIbI U3MEepPeHUs
E (ycn.en.).

Fig. 1. Two types resistances

20+ More Sensitive

of the cells against PDT-Dose
g variations: dose-dependent
(two typical cases with high and

0 I | | I I I
0 10 20 30 40 50 60

PDT Dose

80 90 100 low sensitivity) and constant
resistance (non-sensitive). The

axes have arbitrary units (au).

BIOMEDICAL PHOTONICS T.11, Ne2/2022



Karami-Gadallo L., Pouladian M.
Cancer cell survival model after photodynamic therapy

=24 |

Survival Index

PDT-Dose [au]

|
25 3 35 4 45 5

Puc. 2. 06pa3ubl 3epKkanbHO-CMrMoBUAHON GopMbl (B03bl B yen.ed.) ansa V =100 1 M3MeHeHHbIX AByX NapamMeTpoB:
(BBepxy) pas3nuyHbie m ans s=1/3; (BHU3y) pa3nnyHbie s onss m=8.

Fig. 2. Samples of mirrored sigmoid-shaped (with arbitrary units of the dose) for V=100 and altered two parameters:

(Up) different m for s=1/3; (Down) different s for m=8.

One of the important points of such curves is the
critical point (CP) d_at where the curve appears linear
(around dc) with the most descending slope; and the

2
second derivative of v becomes zero (i.e. % =0atd= dc).

Therefore it could be found a relation between D¢, m,
and S as follows:

1= meVs4e)
0T 2dc(1+me—1/(s.d£) (5)

It could be shown that according to Eq.5, one could
write down:

if m< e’ thens=1/(2d,)
if m>1thens <(d,log m)_1 (6)

Data Acquisition

In order to validate the final model, type-Il PDT data
extracted from other (in vitro) work [20] was applied.
The drug of 5-AminoLevulinic Acid (ALA; from ‘Sigma
Chemical Co’) was dissolved in distilled water to obtain
the stock solution (1mg/ml). After applying ALA-PDT for
some 15-samples groups and providing a control group,
the cell viabilities were obtained for different irradiated
times for model validation.

Cell Culture

The human lung carcinoma cell (A-549) was supplied
by Iranian Biological Resource Center and cultured in
DMEM: Ham’'SF12 + 2Mml-Glutamine+ 10% FBS in a 5%
CO2 incubator at 37°¢, A549 cell lines were seeded into
96-well plates at concentration of 1x10* cells per well

and were incubated for 24 hours for proper attachment
to substratum. After 70-75% cell confluence, the media
of wells was removed then phosphate buffered saline
and 10ul 5-ALA per well added to them and incubated
for 3 h.

ALA-PDT

Except the control (no ALA; no light) and ALA groups,
others were irradiated with LED light (632 nm at a fixed
flounce rate 35mw/cm?) for different time durations
(till 300 seconds). We repeated the test for another ALA
administration too in order to obtaining 5 and 10 pl
5-ALA per well.

MTT Assay

At 24 h after the treatment, cell viabilities were
obtained through MTT evaluation method using an
optical densitometry technique at 570 nm measuring
the activity of mitochondria and cellular dehydrogenase
enzymes. The data were analyzed by one-way ANOVA
statistical method in SPSS software.

Results

We proposed a model (as shown in Eq. 7) to obtain
the cell survival index (that could be cell viability,
survival probability, or any index representing cell
living conditions) as a function of PDT-dose (that could
be illuminating time, fluence, [‘02] or any variable
representing the killer agent dose).

When experimental findings show a number of
points in dose-v plane, one could extract approximately
some specifications (such as the location of CP and its
slope, shoulder/plateau width, vanishing speed, and the
steady state magnitude) to find the model’s parameters
roughly.
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m Decreasing

m Increasing

|
D0 05 1 15 2

25 3 35 4 45 5

0 | I 1 |

Survival Index

0 05 1 15 2

PDT-Dose [au]

25 3 35 4 45 5

Puc. 3. OTKNIOHeHUs ¢dopmbl Moaenu curmoupanbHOW KpUBOW npu 3Havenusax 1/5, 1/2, 2 u 5 ana napameTpos
m (BBepxy), s, (nocepeauHe), s, (BHM3Y) OTHOCUTESIbHO LLIEHTPaNnbHOM KPUBas B KayecTBe KoHTponsa c m=1,s =1 us,=1.
Fig. 3. Shape deviations of the sigmoidal-curve model for the values of 1/5, 1/2, 2, and 5 for the parameters: m (top),
s, (middle), and s, (bottom) relative to central curve as the control with m=1, s =1, and s,=1.

Moreover, one could easily fit the best sigmoid-curve
with the data by different mathematical techniques
(found in the curve fitting toolkit of MatLab software) to
obtain the optimized parameters (with minimum root
mean squared error-RMSE).

In order to understand the effects of the parameters
alterations on the shape of model, different magnitudes
of m, s, and s, were applied (v,=100) and the results
compared with a control curve appeared in the central
of curves in Fig. 3.

As seen in Fig. 3, the parameters could control curve
features as follows:

top: m could control CP’s slope and the ascending
window width, whilst maintain approximately CP’s
location;

middle: s, could control CP’s location, whilst maintain
approximately its slope, hence control the plateau width,;

bottom: s, could control CP’s slope, whilst maintain
approximately its location and also the ascending
window width, hence control the steady state
magnitude.

As shown in Fig. 4, the model was validated using
the obtained ALA-PDT data showing an excellent fitting
relative to other models (such as single/multi target/

100

[%]

Cell Viability

Model
2 PDT data |{

| I
0 30 60 90 120 150

Irradiation Time [S]

\ i i I i
180 210 240 270 300 330

Puc. 4. laHHble AJIK-O/T v BoiIxogHblE AaHHble MoAeny (¢ m = 0,6444, s, = 0,02052, s, = 0,001863)
Fig. 4. The ALA-PDT data and the model output (with m=0.6444, s,=0.02052, s,=0.001863)
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hit inactivation, two components and linear quadratic
models).

Furthermore, based on our findings, ALA did not
produce considerable dark toxicity at any concentration
or incubation time as verified by the MTT assay. It was
found that increasing the irradiation time make the cell
survival to be decreased. These findings are consistent
with different ALA doses used in similar studies with
other cell lines [1,3,16]. The cell death of 90% was seen
(for 10 ul ALA per well) for the irradiation time of about
21 min (i.e. 24 min by the model) whilst at about 300 s
(i.e. 320 s by the model) the lethal dose 50% (known as
LD, ) observed.

By repeating the test for half ALA concentration (i.e. 5
pl per well; not shown in Fig. 4), the findings didn't vary
significantly for low doses whilst a little difference for
high doses (e.g. LD,, appeared at about 7 min) was seen.

Discussion

The PDT is a promising modality and clinically
approved for treatment of certain tumors and several
types of neoplasms including cutaneous lesions, non-
small cell lung carcinomas, head/neck and esophageal
cancers [1-8,10,21]. In PDT researches, presenting
multifactorial and complex photochemical processes
(e.g. multi molecular interaction, spatial/temporal
variation of the concentration before and during the
irradiation time) could cause challenging problems in the
analysis and dosimetry of PDT and hence limit the related
studies variety.

This study was designed firstly to determine the effect
of varying the ALA-mediated PDT dose (i.e. different
flounce; or irradiation time here) on the survival of non-
small cells of lung carcinoma (in vitro) and secondly to
model mathematically their relation.

It could be noticed that the relation curve between
the cell survival and the killer agent in all of the cancer
treatment methods (even including radiotherapy) has a
mirrored sigmoidal form such as radiobiological models
(e.g. m-hits n-targets or linear quadratic models) [22].

However, it could be imagined that for any survival
curve there are approximately three ideal main regions:
the plateau (negligible effect; a bit cell death at low
doses), the descending slope (the most sensitivity; the
most killing rate at the critical dose) and the steady state
segment as shown in Fig. 5.

In Eq.7, the survival index v could be approximately
(assuming error under 10%) equivalent to 1/
[1+m*exp(-1/(s1*d)] for low doses (i.e., d < 1/(10%s), and
1/[1+m*exp(sz*d)] for high doses (d > 10/s,). Hence,
these three geometric features (as shown in Fig. 5) could
be determined through three parameters of the model
(as could be noticed in Fig. 2). Nonetheless, the features
could be visualized to have some proportional relations
with the most affectivity parameters as follows:

s, v = plateau width

mTor S, T:>slope T (if d > 1/m then s, is more affec-
tive else, mis)

m\ ors, L= tail heightT (if d > 1/m then s, is more
affective else, mis) (7)

Hence, from biological viewpoint, the sensitivity
parameters (i.e., s, and s,) and the sensitivity magnifier
parameter (i.e, m) could be mostly interpreted as
follows:

The ‘cell killing dose threshold’ could be controlled
mostly by s.; whilst the ‘cell killing velocity’ by s, and the
‘steady-state survived cells’by m.

Also, from biochemical viewpoint, it could be said:
the more affective and proper of PS, the more S, value;

100

90+

80 Plateau Width

60_ P PRSP
50_

Survival Ratio

401
30
20(
105

_Slope: tan(8)

o | === ideal approx. ||
Model

Tail Height

Puc. 5. lpumep mopenu (c napametpamu: m=491, s =0,00385, s,=0)
Fig. 5. A sample of the model (with parameters: m=491, s, =0.00385, s,=0).
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the more diehard and resistant of the cells against killer
agent, the less Sy the more concentration of PS and
oxygen, the more m value.

However, accurate biological interpretation of our
model’s parameters is still unknown as well as other
model’s ones.

From the mathematical view (i.e. MSER), our model
could fit better than other models (e.g., target-theory
based models [23]) on the obtained PDT-data (MSER
findings were not presented here).

If a treatment technique could not kill all of the
cancerous cells (i.e. constant steady sate), the model
of Eq.2 (or Eq.7 with s,=0) might be applied with two
parameters (asfollows: mdepending ontherequirements
of the technique (e.g., PS and oxygen concentrations)
and target conditions (e.g., the population rate of non-
sensitive cells); and s depending on the effectiveness
of the killer agent (i.e. the sensitivity). According to Fig.
5, it could be said that the more m, the less tail height
whilst the more s, the more slope and the less plateau
width. If a second treatment technique is also applied
simultaneously, one might use its sensitivity as s, in the
model Eq.7.

The presented model could show a plateau or
shoulder on the cell survival curve whose size could be
varied by the model parameters (i.e. mostly s,) based on
the technique performance in low doses. Moreover, in
contrast to other models (including two compartment
and/or linear quadratic ones), the curve maintains its
sigmoid shape even in logarithmic scales (not shown in
figures here) which is consistent with experiments.

In order to modeling of the viability, survival
probability, and the population of the cells, v, in Eq.7
should be set respectively to 100, 1, and the cells initial
number.

By using a radioisotope in ‘for example gamma
camera, a variable presenting cellular metabolism could
be obtained from an image of cancerous region. On the
other hand, the absorbed dose of related killer agent
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(e.g. x-ray or electron-beam) could also be measured
by relevant dosimetry technique. Hence, obtaining the
metabolism level versus different treatment doses could
provide some data in the form of various points in the
dose-metabolism plane.

It seems model of Eq.7 could fit a proper curve
on such data better than other models [22] could.
«Encompassing the most fitness on real cellular response
to any killer agent» for our model is the statement that
we are working on its validity.

Conclusion

A mathematical model (with three parameters m,S,,
and S,) was proposed which seems to be fitted better
than other models on the cell survival data versus the
killer agent dose. Here, it was tested for the cell viability
data versus different irradiation time durations in ALA-
PDT (on the lung cancerous cells in vitro) resulting
excellent fitting. The mirrored (right-to-left) sigmoid
curve generated from this model had a shoulder
as usually needed for mammalian survival curve;
moreover, this curve kept its nonlinear-shape in semi-
logarithmic scale. By tuning three parameters of the
model, it could make any required form in the survival
curve for both regions of low doses (slow variations)
and high doses (steady-state) as well as the descending
part (which is linear about the steepest point). However,
itis needed to test this model by the survival data of any
cancer-therapy technique applied by other researchers.
It is also essential to consider the correlations between
the model’s parameters and treatment factors in order
to obtain the best biological interpretations for the
parameters.
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0.B. Octpeiiko, M.A. TankuH, I'.B. ManasH, T.I'. Tpuwayesa, H.H. MeTpuLes
Mpumenenue 6uochaHTOMOB N1 OLIEHKU TEPMUYECKUX 3(D(heKTOB Na3epHOro U3Ny4eHus
¢ AnuHamu BoJsiH 970 HM 1 1560 HM NPy pasHbIX peXxumax Bo3AencTBUS

NMPUMEHEHUE BUODAHTOMOB OJ19 OLEHKUA
TEPMUYECKUX SPDEKTOB JIASEPHOTO U3JNTYHEHUA
C JJIMHAMUN BOJIH 970 HM 1 1560 HM TPU PA3HbIX
PEXXUMAX BO3ENCTBUA

O.B. Ocrperiko, M.A. Tankun, I.B. ManasH, T.I. lpmwauesa, H.H. Metpuwwes
Mepsbiit CankT-MNeTepbyprckmii rocynapCTBEHHbIN MEAULUMHCKMIA YHUBEPCUTET
wm. akag. M.M. Maenoea, Cawnkr-MNetepbypr, Poccus

Peslome

JNasepHan MHTepcTULMaNbHaA rMNepTepMUA — akTVBHO pasBrBaloLLEeCs HarnpaBieHne B XUPypPrum BHYTPUMO3roBbIx onyxoneil. B paboTe npep-
CTaB/eHbl TepMmyeckne 3G eKTbl B MONNAKPUIaMUAHbIX 61uodaHToMax ¢ 6blubMM anbbyMUHOM U LUTPATHOW KPOBbIO NP Jla3epHOM 06TyuYeHUn
Ha AnvHe BonHbl 970 HM 1 1560 HM. [1ns nasepHoOro o6iyyeHrs NCNoNIb30BaH XUPYPrYecknin AByXBOHOBbIN annapart (UP3 «Monwucy, r. ®pasuHo,
Poccus). ObnyyeHre paHTOMa OCYLLECTBAIANOCH Yepes KBapLieBOe CBETOBOJIOKHO ArameTpom 400 MKM C TOpLIEBbIM BbIXOAOM. Pe3ynbTaTom 06ny-
YeHuA Obla 30Ha Koarynaumm, Kotopas BusyanvsmpoBaHa gpyopecLeHTHbIM opraHockonom «FLUM-LL». TepmomeTpusa ocylectenanach Tenso-
Br3zopom FLIRONE PRO for 10S n uudposbim Tepmorpadom T-8 Ha 6a3e HOyTOYKa C TepMOCEHCOPaMy, pa3MelleHHbIMY B GaHTome. icnonb3oBaHue
061y4eHra MOLHOCTbIO He 6onee 2 BT B pexume Koarynaumm ¢ CymMapHon [o3oi SHeprim o 120 [ No3BonAno 4ocTuratb NnaBHOro nogbema
TemnepaTtypbl fo 88°C. 30Ha Koarynsauum npv o6ayyYeHrmn BonHon 1560 HM Bcerga 6bina 6onblue, Yem Npu 06/1yYeHrr BoIHOM 970 HM, XOTA cTaTu-
CTYecKu pasHuua bbina HegoctoBepHol (p=0,41). CpefHaAA Niowwajb NATHA Koarynaumm ansa nsnyyeHus 970 Hm coctasuna 43,2 (39,3 - 47,1) mw?,
ana 1560 HmM - 99,4 (56,5 — 141,3) mm2. IMpu cymmapHOM 06slyuyeHUn ABYMsi BOJIHAMU, 30Ha Koarynaumm 6bina 6osnblue, ecnu npeobnagana mouy-
HOCTb 13nyuyeHnsa 1560 HM. [py 061yyeHn BonHOM 970 HM 30Ha Koarynsiuusa 4aCTUYHO PacnpOCTPaHAETCA K3aAy OT KOHUMKa CBETOBOJIOKHA, NPy
1560 HM — KoarynmpyeT ¢paHTom Knepeaw. [onyyeHHble pe3ynbTaTbl UMeIoT MPaKTUYeCKy 3HaUMMOCTb MPU MPYIMEHEHNN Ia3ePHON rMnepTepMunm
BHYTPUMO3rOBbIX OMyXOneNn.

KnioueBble cnoBa: 61MopaHTOM, TepMOMETPUA NlazepHOro 0bsyyeHns 6rnodpaHToMa, lazepHas rMnepTepMmA BHYTPYMO3FOBbIX OMNyXOJel, PeXUMbl
rMnepTepmuu.

Onsa untuposanus: Octpenko O.B., lankun M.A,, ManasH I.B., Mpuwauesa T.I,, Metpuwes H.H. MpumeHeHne 6MopaHTOMOB AJisl OLEHKM TepMuye-
CKIX 3PpPEeKTOB N1a3epHOro UsslyyeHna ¢ AnvHamm BosiiH 970 HM 1 1560 HM Npu pasHbIX pexumax BosaencTaua // Biomedical Photonics. — 2022. -
T.11,N° 2. - C. 12-22. doi: 10.24931/2413-9432-2022-11-2-12-22.

KonTtaktbi: Octperiko O.B., e-mail: oleg.v.ostreiko@mail.ru

APPLICATION OF BIOPHANTOMES TO EVALUATE
THE THERMAL EFFECTS OF LASER RADIATION WITH
WAVELENGTHS OF 970 NM AND 1560 NM UNDER
DIFFERENT EXPOSURE MODES

Ostreiko O.V., Galkin M.A., Papayan G.V., Grishacheva T.G., Petrishchev N.N.
Pavlov First Saint-Petersburg State Medical University, Saint-Petersburg, Russia

Abstract
Laser interstitial hyperthermia is an actively developing direction in intracerebral tumor surgery. The paper presents thermal effects in
polyacrylamide biophantoms with bovine albumin and citrated blood under laser irradiation at 970 nm and 1560 nm. For laser irradiation,
a surgical two-wave apparatus manufactured by IRE Polis was used. The phantom was irradiated through a quartz optical fiber 400 um in
diameter with an end exit. The result of irradiation of the phantom was its coagulation zone, which was visualized with a FLUM-LL fluores-
cent organoscope. Thermometry was carried out with a FLIRONE PRO for I0S thermal imager and a T-8 digital thermograph based on a
laptop with thermal sensors placed in a phantom. The use of irradiation with a power of not more than 2 W in the coagulation mode, with
a total energy dose of up to 120 J, made it possible to achieve a smooth rise in temperature to 88.0°C. The dimensions of the coagulation
zone under irradiation with a wave of 1560 nm were always larger than under irradiation with a wave of 970 nm, although the difference
was not statistically significant (p=0.41). Thus, the average coagulation spot area for 970 nm radiation was 43.2 (39.3 - 47.1) mm?, and for
1560 nm - 99.4 (56.5-141.3) mm?2 With total irradiation with two waves, the coagulation zone was larger if the radiation power of 1560 nm
prevailed. When irradiated with a wave of 970 nm, the coagulation zone partially propagates posteriorly from the tip of the optical fiber, and
1560 nm coagulates the phantom anteriorly. The results obtained are of practical importance for laser hyperthermia of intracerebral tumors.
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BBepeHune
CTaHOapTHOE NevyeHne OMyxosiel Mo3ra BK/OYAlOT XU-
pypruio, paguoTtepanuio U xumMmuotepanuio. HecmoTtps
Ha KOMMJIEKCHDBI NMOAXOA K JIEUEHUIO 3JIOKAaUeCTBEHHbIX
rNVanbHbIX OMyXOoJie, MPOrHo3 OCTaeTcs Hebnaronpwu-
ATHbIM. [MOCKOMNbKY XMpypruyeckoe fieyeHue ABMAAETCA
onpegensaoWy M, Heobxoanma paspabotka 3ddeKTuB-
HbIX 1 MEHee VIHBA3UBHbIX LUTOPeayKTUBHbIX XUPYPru-
YecKnx MeToauK, KoTopble Obl He Bbi3blBasv MOBpeXae-
HUA 300pOBbIX TKaHen. MNocnegHne 30 net npoBogATCA
NCCNefoBaHUs rMnepTepMmnyeckux npouenyp, Kak anb-
TEPHATUBbI KNAaCCUYECKUM OTKPbITbIM onepauuam [1-3].
WHTepcTmumanbHaa runeptepMna onyxonem mosra nog
genctemeM MHOPAKPACHOTO JIAa3€PHOro M3NyYeHUs AB-
NAETCA MeHee UHBA3UBHOW 1 6onee 6e30MacHON TeXHU-
KOW, YeM TPaAMLNOHHbIE XUPYPTUYECKIE TEXHONIOTUN.
lNoHMaHve B3anmogencTBmA NasepHOro N3nyyeHns
C OMyXOneBOV TKaHbIO U €ro NPOrHO3MpoBaHME fexar
B OCHOBE Pa3paboTKM N COBEPLUEHCTBOBAHMA METOAOB
nasepHow runeptepmum [4]. nvnHa BonHbI NpeacTaBnaeT
OCHOBOIMOJIAraloLLy0 XapakTepucT1Ky fla3epHOro CBeTa,
onpegenaioLyio TKaHeBble 3ddeKTbl B 0611yyaemol ony-
X0nu. OTo OOYCJIOBNEHO CUNIBbHOWM 3aBUCMMOCTbIO B3au-
MOZENCTBUA C OCHOBHbIMU MOJIEKYTAMU-MOMIOTUTENAMM
B TKaHU OMyX0Ny MO3ra — BOZOW 1 remorniobuHom. C yue-
TOM 3TOrO BblOVPAKOTCA XapaKTEPUCTUKI U3NyYEHNs, Ta-
Kne Kak MOLLHOCTb, SKCMO3ULUSA, MAOTHOCTb MOLHOCTY,
BPEMEHHbIE XapaKTEPUCTUKM U3nyyeHus. KnuHnueckoe
NMPUMEHEHNEe fna3epHON TEPMOZECTPYKUUN B XUPYpP-
ry onyxonen mo3ra peanusyetca metogom LITT (laser
interstitial thermotherapy), ee uenbio ABNAETCA KOHTPO-
nupyemas C MOMOLLbIO MAarHUTHO-PE30HAHCHOW TepMo-
MEeTpUM Koarynauua TkaHu onyxonwu [5, 6]. [Ina peanu-
3alUU TEXHONOTMM B HACTOsLLEe BPeMs BblMyCKaOTCA
(N KoMMepueckn AOCTYMHbI) ABe cucTembl Visualase
Thermal Therapy System (Medtronic Inc.) n NeuroBlate
System (Monteris Medical, Inc.). B Hux ucnonb3yetcs
TONbKO ABE A/NHbI BOJIHbI JIa3€PHOr0 13yyeHus: 970 Hm
n 1064 HM, obnafjarlyme CXOXKUMN XapaKTepucTukamm
B3aUMOJENCTBUA C TKaHbio, 06YCNOBIEHHBIMM XOPOLLMM
NOrnoLEeHNEM AAHHbIX AJIMH BOJIH reMOrfobuHOM, UYTO
n obecneumBaet remoctatudeckuin adpodekt. B NCriermy
umeHu akag. V.M. MaBnoBa pa3paboTaHa opuriHanbHas
MaJIOMHBA3VIBHasA METOAMKA UHTEPCTMLMANBHON Na3ep-
HOW rMnepTepMuN runanbHbix onyxonen [7]. C KNUHU-

YyecKol TOUKM 3PEeHMs NMPEACTABNAET UHTEPEC BO3MOX-
HOCTb MPUMEHEHUs U WUHbIX AJIMH BOJIH, obOnajaroLmx
oTnvaloWmMmncs 3pdpekTamy Bo3gencTsrsa Ha buonoru-
YeCKyto TKaHb, HO TaKXKe MoAXoAALmnX AnA UHTepCTULn-
anbHOW TEPMOAECTPYKLMM OMNyXOnen.

BaxkHylo ponb Ans usyuyeHusa TernnoBbix 3$GdeKToB,
BO3HVKALWMX NPU Nla3epHOM obnyueHnn Guonoruye-
CKMX TKaHeW, MMeT 61odaHTOMbI, MEIOLME aHasoro-
Bble XapaKTEPUCTUKU TEMIONPOBOLHOCTH, TEMIIOEMKOCTU
1 CKOPOCTM Nepefaun Ternna. MakcumanbHO NprbnvxKeH-
Hble NO COCTaBY M ONTUYECKMM CBONCTBAM K MCCiefyeMon
TKaHU, OHM MO3BOJIAIT ObICTPO ONPO6OBATH U BU3YaslbHO
HabniopaTb 3¢ PeKTbl 1a3epPHOro BO3AENCTBUSA, OCYLLIECT-
B/IIEMOTO C NMOMOLLBIO PA3HbIX ASINH BOJH B PEXKMe pe-
anbHOro BpemeHu. Mpy 3TOM, HECMOTPA Ha OTCYTCTBUE
MUKpOUMPKYNALMM B 6GrodaHTOMax, npepcTaBnaercs
BO3MOXHbIM MCC/IejoBaTb OCHOBHbIE XapaKTepPUCTUKU
6uonoruvecknx 3¢dpekToB (@bnayus, Koarynsaums, ncna-
peHue, KapboHM3aLus) 1 TeMNepaTypPHYIO 3aBUCUMOCTb
B 30He rmnepTepmumy OT BbIGPaHHOW AfNHbI BOJTHDI.

Ona peweHus uccnepoBaTenbCkmMx 3agay GpaHTOM
[OJIKEeH CofepKaTb MUTMEHT, KOTOPbIN 3 deKTUBHO nor-
NOWAeT fla3epHoe K3JflyYeHUe B HYXHOM AunanasoHe.
B KauecTBe Takoro NMMrMeHTa MCMosb3yTCA, HaNprMep,
remornobvH, Kutanckasa Tywb unm Kromagen Magenta
MB60-NH concentrate. Kpome 3Toro, gna Bu3yanbHOM
OLIEHKMN BbI3bIBAEMbIX J1a3€POM MOBPEXAEHUN BaXHO
yTo6bl DaHTOM ObiN1 M3rOTOBMIEH M3 MPO3PAYHOrO Ma-
Tepuana. OgHM M3 cnocoboB onpeaeneHns MoKasa-
Teflel rpagvieHTa TemnepaTtypbl B ¢$aHTOMe sABAseTCA
BBe[leH/e TEPMOXPOMHbBIX KPACOK, MEHAILMX OTTEHKU
B 3aBMCMMOCTU OT MOKa3aTesis Temnepatypbl. BeefeHne
B 6ModaHTOM GeNKOB, TaKMX KaK OblUMI CbIBOPOTOUHBIN
anbbymuH (BCA) nnn 6enok KypuHoro Anua, no3sonset
HabnogaTb TennoByl AeHaTypauunto 6enka, 3ameTHyto
BCNeACTBME NOMYTHEHNA NPo3payHon cpeabl [8-11].

Haunbonee nonynapHbiMy MaTepuanamu, UCMNOsb3ye-
MbIMU B KayecTBe OCHOBbl Ans (aHTOMOB, SBMSAKOTCA
arap v nonvakpunamug [9, 11, 12]. NonnakpunammgHblie
refi CMHTE3MPYIOTCA B pe3ynibTaTe CononvMmMepr3sauum
aKpuiammnga u MeTuneHobmcakpunammaa B BOGHOM pacT-
Bope. Takon renb Npo3payveH v NO3BONAET BU3Yyanu3su-
poBaTb U U3MEPATb 30HbI TEPMMUYECKOrO BO3AENCTBYA.
K Tomy ke, cam nonuakpunammg HETOKCUYHBIN, BbICOKO-
CTabunbHbIN 1 GOCOBMECTVMbBIV Nonumep. Hanpumep,

OPUTUHAJIBHbBIE CTATbA
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N-nzonponunakpunamugHbin renb (NIPAM) myTHeeT npun
HarpeBaHuy OO onpefesieHHOW TemnepaTypbl, KOTOPYIO
MOXXHO U3MEHSATb, BapbrpyA KOHLEHTPALMIO aKpUIoBOW
Kucnotbl. fenn Ha ocHose NIPAM umetoT akycTuyeckune
N TepMUYECKME XapaKTepUCTUKU 6nn3Kue K TaKoBbIM
Y pasnuyHbiX OMONOrMYecKknx TKaHe. BaxkHO OTMeTHTb,
YTO 3TN renv MOTyT NCMOMb30BaTbCA MHOMOKPaTHO. Ecnn
B nonunakpunammgHom rene ¢ bCA Tepmunyeckoe Bo3gen-
CTBME MPUBOAUT K HEOOpaTMMON AeHaTypauun Gernka,
1O B ciiyyae NIPAM mMyTHOCTb, Bbi3BaHHasA HarpeBaHueMm,
MOCTENeHHO MCYE3aeT NPU OXNAKAEHUU, Y GAHTOM MO-
»KeT NCnonb3oBaTbCsA BHOBb [13].

Mcnonb3oBaHne MaKCUManbHO MPUONIKEHHBIX MO
cofiepaHnto XpomModopOoB 1 ONTUYECKUX CBONCTB daH-
TOMOB MO3BOJIAET MNPOBOANTbL TECTOBblE MUCC/IeAO0BaHMA,
BM3yasribHO HabnoaaThb 3a 3pPpeKTamy BO3AeNCTBISA Naze-
pa, NpPoBOAUTb 3aMepbl TeMNEPATYpPbl B peXrMe peasb-
HOro BpemeHwu, onmcaTb Y MPOrHOo31MpoBaTb pacnpocTpa-
HeHVie CBETOBOW SHEPrn B TKaHAX.

MaTtepunanbl n metoabl

B wnccnepoBaHne BAUAHMA Na3epHOro U3NyyeHUA Ha
6uopaHTOM Hamu OblIM UCMOJIb30BaHbl OBE AJINHbI
BOJIHbI: TPaANUMOHHAA — 970 HM 1 1560 HM. N3nyueHune
C ANIMHOM BOMHbI 970 HM NpenMyLLecTBEeHHO noraowaeT
remorno6buH, 1560 HM — Bofa, B TOM UYMC/IE U COAepKa-
WaAca B UenbHou Kposu (puc. 1). Takoe pasHoHanpas-
NIeHHOEe B3aNMOAENCTBME C OCHOBHbIMU XPOMOdOopamm
npeacTaBisAeT MHTepeC C NPAKTUYECKON TOUKK 3peHus
nNpu MUCrosib30BaHWK fla3ePHON Koarynaumm onyxonen,
MOCKONbKY OOYCNOBNEHO Pa3HOPOAHOCTbIO Mopdono-
rMYecKUX 1 GUONOrMUYECKUX XapPaKTepPUCTUK HeomMsasm,
B TOM YMC/le OTEKOM, KONTMYECTBOM COCYAOB U KIIETOUYHOM

MIOTHOCTbIO B HOBOOOPA30BaHUAX PA3/TIMYHON TUCTO-
JIOTYECKOM CTPYKTYPbl N CTEMNEHN 3/10KaYeCTBEHHOCTU.
Mpu 3TOoM NornoLleHre Na3epHOro N3nyyeHns 1 nocse-
aylollee BblgeneHne Tenna B OnpefeneHHbIX yyacTKax
TKaHW ABNATCA KoyeBbiMU dbdeKTamy B Na3epHom
rmnepTepMmmn onyxosnen.

Mpw nogbope matepuana Ans onTUYecKrx GpaHTOMOB
Mbl YUMTBIBANIN KaK NX MeXaHU4Yeckue CBOWCTBA, Hanpu-
Mep ynpyrocTb, TaK 1 TeMI0BbIE XapakTepuctuku. Mo co-
BOKYMHOCTU 3TVX CBOWCTB GaHTOM JO/MKEH MaKCUMalib-
HO MMUTUPOBATb M3y4yaemble TKaHu [15]. Mbl ncxogunm
13 TOro, YTo Mpoueaypa N3rotoBrieHNs GaHTOMa JOSXK-
Ha ObITb OTHOCUTENIBHO MPOCTON 1 BOCMPOU3BOAVMON.
Hamu 6b11 MCNonb3oBaH MONNaKpUIaMUAHbIA GpaHTOM,
Kak Hanbonee nogxoawmi Tun GaHTOMOB A51A MOAenu-
poBaHus 3¢HEKTOB BO3AENCTBYA Nla3epa Ha TKaHb Ony-
XOnu mo3ra. K LoCTonHCTBaM Takoro ¢paHTomMa OTHOCKTCA
MPO3pPayYHOCTb, BbICOKas CTabunbHOCTL (TemmepaTypa
nnaBfeHnA 3HaumTenbHO Bbiwe 100°C), OTCYTCTBME TOK-
CUYHOCTK, a TaKXKe Nierkas MoaynAuna MexaHUYecKrx
CBOWCTB 32 CUYET M3MEHEHUS KOHLUEHTpaLMK akpuiaMm-
na/MeTuneHbucakpunammaa.

Mpw n3rotToBNeHUM paHTOMA Mbl MCMONb30BaNN AaH-
Hble A.H. Negussie [9, 16], cornacHo koTopbiM 40% akpwun-
aMmna/6ucakpunamug CMeLVBaeTcsl ¢ BOOW B COOTHO-
weHun 1:4,4 (241 mn:1053 mn). B Hawwem nccnegoBaHum
COOTHOLLEHNe COOTBETCTBOBasO 1:4,7, UTO NMpakTuyecku
MOEHTUYHO. [1nA gaHHOro ¢aHTOMa MIOTHOCTb COOTBET-
ctByeT 1033+1,0 Kr/m?, KO3PDMLMEHT TENNONPOBOLHO-
¢t - 0,590+0,015 Bt/(m+K), TemnepaTyponpoBOgHOCTb —
0,145+0,002 Mmm?/c. DTV 3HaYeHMA BNU3KN K TAKOBbIM /1A
MATKUX TKaHel yenoseka [17]. Mo gaHHbim A. Mohamma-
di [1] nokasaTenb TENIONPOBOAHOCTM ANA TKaHM MO3ra

Vogel and Venugopalan
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cootBetctByeT 0,563 B1/(M+K), TemnepaTyponpoBogHo-

1 — 0,147 mm?/cek.

M®aHTOM 6bIN N3roTOBMIEH U3 CNEAYIOWNX KOMMOHEH-
TOB:

1. AuctunnnposaHHaa Boga. lNpu ncnonb3oBaHuu na-
3€PHOrO M3NyYeHUs HEeT HEOOXOAUMOCTU Aerasaunm
BOAbI.

2. NnodunmsmpoaHHbIN nopotok bCA, cnyxawmin gns
JeTeKkUMn TeMNepPaTypHbIX M3MEHeHUn B ¢daHTOMe
N paccemBaloLlero areHTa. KoHeyHasa KOHLUeHTpauuma
BCA He meHee 5%.

3. BogaHbli1 40% pactBop akpunammaa/bucakpunammaa,
C BECOBbIM COOTHOLLEHMEM aKpuUiamuaa u brcakpwmi-
amnga, paBHbiM 19:1. PacTBOp XpaHUTCA Npu Temne-
patype ot 2 go 8°C.

4. Tpuc/HCl 6ydep, 1M pactsop, pH 8,0 (npoussogu-
Tenb «HMO PeHam», Poccus).

5. MNepcynbdata aMMOHUA (HaACEPHOKMCIbI aMMOHMIA)
10% pacTBOp AnA noaMMepmsauunm, rotoBUTCA ex
tempore.

6. lemornobuH (nornowatowmii areHT). Micnonb3osaHa
LMTpaTHaA KPoBb B COOTHOWeEHMN 1 yacTb 3,2% uuT-
paTa/9 yacten uenbHomn Kposu. DoOpMeHHbIe 3n1eMeH-
Tbl KPOBU Cy>aT B KaYeCTBe pacCerBaloLLero areHTa.

7. TEMEQ (TEMED) — nonumepu3yowmin peareHT.

8. A3y HaTpuA — KOHCEPBAHT A4niA GpaHToMa.

Ona npyrotoBneHus paHTOMa Hamu Obina NCNOJb30-
BaHa cnepgyowas peuentypa. K 50 mn guctnnnnposaH-
HoOW ferasvpoBaHHoON Boabl gobasnstot 5 r BCA. MNepe-
MeLumrBaltoT o nonHoro nepexoga bCA B pacteop. Hanee
K CMecu npu nepemMelvBaHuUM MNOC/eoBaTe/lbHO [0-
6asnsoT 17,5 mn 40% pactBopa akpunamuga/brcakpun-
amupa, 10 mn 1M tpuc/HCl 6ydepa (pH 8,0) n 600 mkn
10% pacTBOpa nepcynbdpata ammoHus. MNepemelurBaoT
[10 MOJIHOW FOMOTFeHHOCTH. 3aTeM JO6aBNAIOT LUTPATHYHO
KPOBb B KONMYECTBE, 3aBUCALLEM OT MJlaHa SKCNeprMeH-
Ta, HaumHas ot 750 mkn Kposu/100 mn paHToma. O6bem
CcMecn [OBOAUTCA ANCTUNMPOBaHHOM Bogom Ao 100 mn,
[anee npu nepemelunBaHmm gobaensetca 200 mkn TEMED,
pacTBOp NepPeHOCUTCA B KPYT/bI NAACTUKOBbIN KOHTEN-
Hep. MNonumepunsauma npomcxoguT B TeueHve 5-10 muH.
C uenblo NnpegoTBpaLLeHUA AermapaTaLmmy NoNyYeHHbIn
renb XPaHWUTCA B XONOAWIbHMKE B 3aKPbITOM NonnaTune-
HOBOW Tape.

Onsa oueHkn TennoBblx 3GHEKTOB UCMONb30BaNu
YCTaHOBKY, BKJTHOYAIOLLYIO IByXBOMHOBbIV JIa3€PHbIN an-
napat JICI («P3-TMontoc», r. OpA3NHO), MUHNATIOPHbIV
TennoBM30p B BUAE NPUCTaBKM K CMapTHOHY, LndpoBoi
Tepmorpad T-8 Ha 6a3e HOyTOyKa C TepMOCEHCOpamMu.
Bupg ycTaHOBKM CXeMaTUYHO M300paxeH Ha puc. 2.

@QaHTOM 3arpyanu B MIAaCTMKOBble KOHTENHepbI,
B KOTOpPble Yepe3 OTBepCTrA B OOKOBOW CTEHKe BBOAWIN
CBETOBOJIOKHO 1 TEpMOCeHCop (puc. 3).

Tennosuzop FLIRONE PRO for I0S nopakniouanca
K CMapTdOHY, Ha Aucniee KOTOporo otobpaanacb Ten-

Puc. 2. YcTaHOBKa AN U3YYEHUA BAUSAHUA Aa3E€PHOro U3AYYEeHUs Ha
onTMueckuit 6uopaHTom: 1 - nasepHbiv annapat ACM (<UP3-Monatoc»,
r. ®pA3nHo), 2 - CBETOBOAOKHO B Aepxartene, 3 - uMbpoBom Tepmor-
pad T-8 Ha H6ase HoyTOyKa, 4 - TEPMOCEHCOPbI, 5 - TENAOBU3UOHHAsA
npuctaBka FLIR ONE PRO for I0S (Kutai) Bmecte co cMapTdpoHOM
iphone 12, 6 - 6MuodpaHTOM B KOHTENHEpE.

Fig. 2. Installation for studying the effect of laser radiation on an
optical biophantom. numbers indicate: 1 - laser device LSP («IRE-Pol-
yus», Fryazino), 2 - optical fiber in the holder, 3 - digital thermograph
T-8 based on a laptop with thermal sensors - 4, 5 - thermal imaging
attachment FLIR ONE PRO for 10S (China) together with an iphone 12
smartphone, 6 - a biophant in a container

Puc. 3. BHELLHUI BUA KOHTENHE-
1 pa ¢ ¢aHTOMOM: B paHTOM BBE-
AEHO CBETOBOAOKHO (1), uepes
Topel, KoToporo Habatopaetcs
NMUAOTHOE Aa3epHOe CBEYEHMUE;
pPSAOM C TOPLOM YCTaHOBAEH
TepmoceHcop (2).

Fig. 3. Appearance of the phan-
tom container: an optical fiber
(1) is introduced into the phan-
tom, through the end of which
a pilot laser glow is observed;
a thermosensor (2) is installed
near the end face.

/—\

Puc. 4. BHewHui BUA TennoBusopa FLIRONE PRO for 10S. Ctpenka
YKa3blBa€eT Ha TenAoOBU30p, pacnOI\O)KeHHblﬁ KaK npuctaBkKa K cMapT-
$oHy Hap paHTOMOM.

Fig. 4. Appearance of FLIRONE PRO for 10S thermal imager. The ar-
row points to a thermal imager located as a prefix to a smartphone
above the phantom.
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MpumeHeHue 6uohaHTOMOB ANA OLEHKN TEPMUYECKUX I(DEHEKTOB NA3EPHOr0 U3NYYEHUS
¢ AnuHamu BoJsiH 970 HM 1 1560 HM NPy pasHbIX peXxumax Bo3AencTBUS

Ta6anua 1

XapaKTepUCTUKU UCNOAb3YEMOI0 Aa3€PHOro U3AYUYEHUA
Table 1

Characteristics of the laser radiation used

[OnviHa BONHbI (HM) MouwHocTb nsnyvexus (Br) Bpemsa o6nyueHus (c) SHeprua (Jx)
Wavelength (nm) Radiation power (W) Irradiation time (s) Energy (J)
970 2 60 120
1560 2 60 120
97041560 2 60 120
PesynbTatbl

Puc. 5. ®aHtom. CTperkamu nokasaHbl 30Hbl MOMYTHEHUSA B PE3YAb-
Tate Aa3epHoro obayyeHus.

Fig. 5. Phantom. The arrows show the turbidity zones as a result of
laser irradiation.

JIOBU3NOHHAA KapTWHa CO 3HAaYeHWAMYK TemnepaTypbl
B BbIOpaHHbIX TOUKAX, KOTOPbIe PErNCTPUPOBANKCh B pe-
Xunme $oTo 1 Bugeo (puc. 4).

B pabote ncrnonb3oBanu CBeTOBOA C NMPAMbIM BbIXO-
[OM M3NyYeHUs, PEXKMMbI KOTOPOro NOAXoaAT AndA npu-
MEHEHMA NPV TMNepTepMUUN onyxonen Mo3ra (Tabn. 1).

Bbin anpobrpoBaH ¢aHTOM [ABYX TUMOB C MEHbLUMM
(F1: 101 mr remorno6uHa) n ¢ 6onbwum (F2: 202 mr re-
MOro6mHa) coflepKaHuem remornobuviHa. F1 npeacras-
nan cobort mofenb AN HU3KO- U YMEPEeHHOBACKYNsApu-
3MPOBaHHbIX onyxosnei, F2 — mogenb onyxonu ¢ 6onee
pasBUTON COCYAMCTON CeTblo. Vcnonb3yemble peXxnmbl
nasepHoON rMNepTepMmnn OTYETIMBO NOKasann 30Hbl Har-
peBa B BUZEe NOMyTHeHUA paHTOMa. Pazmep 30HbI nomyT-
HeHusA BapbupoBan oT 4,5 0o 5,5 mm (puc. 5).

OueHKy 0cob6eHHOCTV npouecca Koarynsuum 6uvo-
daHTOMa 1 pa3mepa 30Hbl Ta3epPHO Koarynaummy Ha gnu-
He BOJIHbl 970 HM 1 1560 HM NpoBOAWIN Pa3fenbHO AnA
KaXZoro 13 usny4yeHuni, nmbo npy nx coYeTaHHOM Jein-
ctBum. CoyeTaHHOE BO34ENCTBME U3JTyYEHMA OLEeHMBaNu
KakK npu nocnefoBatenbHOM, Tak 1 OGHOMOMEHTHOM BO3-
[eNCTBUMN NCCrefyeMbiX AJIVH BOJTH (Tabn. 2).

O6nacTb NoMyTHeHMA GaHTOMa MMena OBaflbHO-OKpPYr-
nyto ¢opmy. Obpaiiano BHUMaHMe, 4yto B mogene F2
nasepHoe unsnyyeHvie 970 HM co3faeTt NoMyTHeHVe paH-
TOMa, pacnpocCTpaHAemMoe Krnepean OT KOHUMKa CBETO-
BOJIOKHa, TOrfa Kak y nyya 1560 HM Habnoganocb pac-
NpocTpaHeHne NOMyTHeHMA daHTOMa Kak Brepep, Tak
M K3ay OT KOHUYMKa CBETOBOJIOKHA. JTO YKa3blBaeT Ha
pasHuLy KaK ONTMYeCKNX CBOMCTB GpaHTOMa AJiA Pa3HbIX
IMUH BOJH, TaK 1 Pa3HuLY BO B3aUMOAENCTBUN C XPOMO-
dopamu. KombuHauma gByx ANIVIH BOSIH B PaBHOW Mpo-
nopumv AeMOHCTPUPOBaNa AOMUHMpPOBaHVE 3bdeKToB
INIMHBI BOMHbI 970 HM, YTO ObINIO 3aMeyeHo n B Gonee
paHHUX COOCTBEHHDBIX NCCIIeAOBaHNAX.

M3yyeHre Bu3yanbHbix 3dpdeKToB Koarynauum dan-
TOMa MOKas3aso, YTO MaKCMasibHas MioLWaab 30Hbl KOoa-
rynauuv Npv BO34encTBmMm AAnMHON BosHbl 1560 Hm goc-
Turana 141,3 mm?, 4to B Tpu pasa 6osibLue, Yyem npu oony-
YyeHUU annHom BosHbl 970 HM (nnowaab 47,1 mm?). Cpea-
HMe 3HAYeHUs MJoWaamn NATHA KoarynauuyM COCTaBuIn
ans nsnydyenus 970 Hm 43,2 (39,3-47,1) Mm?, 4ns BOSHbI
1560 HM — 99,4 (56,5-141,3) mm? (p=0,41). XoTa nnowagn
MATHa Koarynauuy otamyanucs bonee yem B 2 pasa, CTa-
TUCTMYECKas pa3HuLa 6blna HeJOCTOBEPHOW, BO3MOXKHO
13-33 OrpaHMYEeHHOro yucna onbitoB. O6nyyYeHne gnu-
HoW BOsHbI 1560 HM BO BCex cllyyasx faBano 60nbLimni
nporpes 6MoPpaHTOMA, UTO MEET BaXKHOE NpPaKTNYecKoe
3HauyeHrie. OCHOBbIBAsACb HA MOYyYEHHbIX JAaHHbIX IKCre-
pUMeHTa, B AasibHenwem Obiio NCMosib30BaHO 0bnyye-
HMe MOLLHOCTbIO He 6onee 2 BT, c o6well 103011 SHeprum
He npesbiwatowen 120 Ix.

Busyanusauunio pesynbtaToB flasepHOro Bo3feu-
CTBUA Ha 6ModaHTOM B pexume peanbHOrO BPEMEHM
OCYLLEeCTBAANN C NPUMEHEHVEM GITyOpPeCcLeHTHOIO Op-
raHockona «FLUM-LL» [18], obecneunBatowero mynbtu-
CNeKTPasibHYIO PerncTpaLmio n3o00paxkeHni pasnesbHo
B RGB-KkaHanax B pexmmax ¢poTo 1 BUAEO C paspeLleHn-
em 1280x1024 n ¢ kagpoBou yactoton 14 'y (Sony). Xota
CNeKTpasbHbIi AMana3oH 3ToW cucTeMbl GOPMaNbHO
orpaHuyeH ganHon BonHbl 1000 HM, BbICOKaA APKOCTb
Na3epHOro 13nyyeHns NO3BoONANA PErncTPUPOBaTh Kap-
TVHY, CO34aBaeMyto He TOSIbKO nazepom 970 HM, HO 1 na-
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Ta6anua 2

Pe3yabTatbl 06AyueHMA GUOdaHTOMa Aa3epHbIM U3AYUEHUEM C AAMHOM BOAHbLI 970 HM 1 1560 HM

Table 2

Results of irradiation of the biophantom with laser radiation with wavelengths of 970 nm and 1560 hm

MowHocTb JKcnosuuua
(BT) (9]
Power Exposure

OnnHa BONHbI
(HMm)

DHeprusa
(k)
Energy

Wavelength
(nm) (w) (] ()

3oHa Koarynauum

Coagulation zone

Mnowapb
nAaTHa (mm?)
Spot area
(mm?)

(mm) 3¢ deKkTbl Koarynayum
Effects of coagulation

(mm)

O6nyyeHVie OfAHON ANIMHON BOJHbI
Single wavelength irradiation

970 2 60 120

1560 2 60 120

rnomyTHeHune dpaHToMa
P& el clouding of the phantom
nomMmyTHeHue daHToMa

3 1413 clouding of the phantom

OpHOMOMEHTHOe 06J1yueHVe ABYMA AJIHaMU BOJH
Simultaneous irradiation with two wavelengths

970 2 60 240
560 2
CyMMapHO
total
4

970 1,5 60 120
1560 0,5
CyMMapHO
total
2

970 0,5 60 120
1560 1,5
CyMMapHO
total
2

970 0,5 60 150
1560 2,5
CYyMMapHO
total
3

10x4 125,6 OTYET/INBO CJIbIWHbI LWENYKN
B 30He NMOMyTHeHuA daHToOMa
clearly audible clicks in the

phantom clouding zone

5x2,5 39,3 nomMmyTHeHue paHToma

clouding of the phantom

6x3 56,5 HEMHOTO C/1abbiX LeTYKoB
B 30HE MOMYyTHeHUA paHTOMa
a few weak clicks in the

phantom clouding zone

8x4 100,5 HEMHOTO C/1abbiX LIeTYKOB
B 30HE MOMYyTHeHUA paHTOMa
a few weak clicks in the

phantom clouding zone

MocnepoBatenbHoe 06nyyeHne 6nodaHToma
Sequential biophantome irradiation

1560 2 60 120
970 2 60 120
970 2 60 120
1560 2 60 120

7x3 65,9

7x4 87,9
8x5 (noBTop) 125,6

nomyTHeHUe paHTOMa
clouding of the phantom

3epom 1560 HM. MaclwTab 1n306paxKeHns KOHTPONIMPO-
BaNv C MOMOLLbIO MTACTUKOBOW KaHLENAPCKOWN NIMHENKN
yCTaHaB/MBaEMOV B MOMEHT CbeMKMN HEeNoCpeaCcTBEHHO
Ha daHTOM (puc. 6 n 7).

C TOUKM 3peHmnA NPaAKTUYECKOro NCMOSIb30BaHWA AaH-
HbIX AJIVH BOJIH B XUPYPry rnanbHbIX ONyXxosien mo3ra

BIOMEDICAL PHOTONICS T.11, Ne2/2022

BaXXHbIM (aKTOPOM ABUNIOCH MJIABHO-PAaBHOMEPHOE Ha-
pacTawpolee yBenmyeHre o6nacty NOMyTHeHMA daHTOMa
OKpyrno-oBanbHoW ¢opmbl, 00yC/IOBNIEHHOE Koaryns-
umneln 6enka. Mbl He HabnoOany KUMeHUs, NCNapeHus
¢daHTOMa, 06pa3oBaHUA My3bIPbKOB rasa, NMbo nosese-
HUA abima. Mpy HarpeBe daHTOMa OTCYTCTBOBANM KaKue-
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Puc. 6. Busyarusauusa pasBuBaloLLENCA 30HbI KOAryaauuu (BbIAEAEHO KPY)XKOM) NPU BO3AEMCTBUU Ha YYacTOK GpaHTOMa Aa3epHbIM U3AYUYEHU-
em 1560 HM: a - Ha 5 ¢ 06ayueHus; 6 - Ha 20 ¢; B - Ha 40 ¢; r - Ha 60 c.

Fig. 6. Visualization of the developing coagulation zone (highlighted by a circle) when the phantom site is exposed to 1560 nm laser radiation:
a-for 5 s of radiation; 6 -for 20 s; B - for 40 s; r - for 60 s.

Puc. 7. PacnpeaeneHue nasepHoro uanyuyeHua 970 HM B paHTome: a - 5 ¢ Bo3pencTBus; 6 - 60 ¢ BO3peNCTBUA.
Fig. 7. Distribution of 970 nm laser radiation in the phantom: a - 5th s of exposure; 6 - 60th s of exposure.
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N0 WyMbl, WeNYKNU, NOTPECKMBAHMA U T.4. DTOT dakT
yKa3blBaeT Ha ONTMMasbHble NOKa3aTenn 1a3epHoro 13-
NlyyeHuA ANA MAaBHOrO MOBbIWEHUA TemnepaTypbl 4O
82,8°C c TOUKM 3peHna 6e30MacHOCTM OJA UCMOoNb30Ba-
HUA B XMPYPrun onyxonem mosra.

Puc. 8. TennoBU3MOHHOE U306paXkeHUe yyacTka dpaHToma. Mapame-
Tpbl TEMnepatypbl B 3 Toukax ¢paHToMa Ha 60 ¢ 0B6AyYUEHMA AAMHOM
BOAHbI 1560 HM: 82,8°C y KOHUMKa CBETOBOAOKHA; 51,5°C Ha paccTto-
AHUU 2 MM 1 33,1°C Ha paccToOIHUU 4 MM OT KOHYUMKA CBETOBOAOKHA.
Fig. 8. Thermal imaging of the phantom site. Temperature param-
eters in 3 points of the phantom on the 60th with exposure to a
wavelength of 1560 nm: 82.8°C at the tip of the fiber; 51.5°C at a
distance of 2 mm and 33.1°C at a distance of 4 mm from the tip of
the fiber.

Tepmomempusa
N3mepeHue n pacnpegeneHne Temnepatypbl B paHTOMe
B pe3y/bTaTe sla3epHOro obJlyyeHns OCyLLEeCTBANN Kak
C NMOMOLLbI0 TEPMOCEHCOPA, PACMONOXEHHOro BOMN3M
OT KOHYMKa CBETOBOJIOKHA, TaK 1 C NMOMOLLbIO TEMNOBU-
3MOHHOW NpucTaBky K cmaptdoHy FLIRONE PRO for 10S,
3aKpennseMon Hag paHToMoM (cM. puc. 4). TennoBr3NOH-
HaA NpucTaBka MO3BOJIASIA OLEHMBATb pacnpeneneHune
TemnepaTypbl B Pa3fiMyHbIX YacTsax GpaHTOMa nyTem pe-
rMCTPaLMN KapTUHBI U3NyYeHNs ob6beKkTa B UHdpaKpac-
Hol obnactn. Taknm 06pa3omM, MMenacb BO3MOXHOCTb
OOHOBPEMEHHOW perncTpauumn TemnepaTtypbl B pexxmme
peanbHOro BpeMeHM Kak C MOMOLLbI0 TePMOCEHCOPa,
bUKCMpyemMoro Ha paccTofHUM 3 MM OT TOpLa CBETOBO-
[a, TaK 1 B TPex TouKax TernjoBM3MOHHOIO U306parke-
HUA, BbIOMPAEMbIX Ha PACCTOAHMY OKOO 2 MM OfIHA OT
apyrou. Mpumep TensoBM3MOHHOWN KapTUHbI pacnpefe-
NeHnA TemnepaTypbl U pe3ynbTaTbl ee OLUeHKN B 3 Tou-
Kax BOnM3M TopLa CBETOBOJIOKHA B KOHLe 60 ¢ obnyue-
HUA fa3epom MoKasaH Ha puc. 8. Temnepatypa, paBHas
82,8°C B LeHTpe 06/1yyeHms, yKa3blBana Ha Koarynaumo
B JAHHOW 30He. Takon rpagneHT TemnepaTypbl OT KOHYM-
Ka CBETOBOJIOKHA KOpPEeNMpyeT C AaHHbIMU UTepaTypbl
TepmomeTpun ex vivo [19].

JnHamunueckre n3mepeHusa Temnepatypbl GpaHTOMa
F1 y KOHUYMKa CBETOBOJIOKHa C Momoulbio LrdpoBOro
Tepmorpada, BbINOSIHEHHbIE B MOCTOSAHHOM peXxume 00-
NyYyeHWA Ha OJivHe BOoJIHbI 1560 HM, yCTaHOBWIIM OTHOCU-
TeslbHO 6bICTPOe ee MoBbiweHKe B nepsble 10 c. Mocne
20 c Temnepatypa cnabo n3meHsnacb, COCTaBAA B Cpea-
Hem 71,8°C (punc. 9).

Mpwu 06nyueHnn daHToma F1 (C MeHbLUEel KOHLEHTPA-
umner remorniobrHa) nasepom C AJSIMHOM BOMHbI 970 HM
Obl1a NonyyeHa MeHee AMHAMUYHasA Y MeHbluas Temrie-

OuHamMmuKka Temnepatypbl paHTOMa
phantom temperature dinamics
90,0
80,0
70,0
2 Q3 600
T o
<5 500
£z
T g 400
s E
2 g 300
20,0
10,0
0,0
0 10 20 30 40 50
nasep 1560 Hm
Bpemsa 06/1y4eHunn cex.
laser 1560 nm
exposure time s

Puc. 9. AvHamuKka TemnepaTtypbl paHTo-
Ma npu Aa3epHOM OBAYYEHUU Ha AAMHE
BOAHbI 1560 HM, MoLWHOCTb 2 BT.

Fig. 9. The temperature dynamics of the
phantom under irradiation with a 1560 nm
laser, 2 W power.

60 70
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AMHaMKKa TemnepaTypbl daHTOMa
phantom temperature dinamics

Puc. 10. AvHamuka Temnepatypbl daH-
TOMa Npu Aa3epHOM 06AYyYEHUU Ha AAMHE
BOAHbI 970 HM, MOLHOCTb 2 BT.

Fig. 10. The temperature dynamics of the
phantom under irradiation with a 970 nm

Bpema obayyeHuA cex.
1560+970 nm
exposure time s

60,0 laser, 2 W power.
50,0
Qo
© © 40,0
2o
=
E‘@ 30,0
23
s E 200
g2
10,0
0,0
0 10 20 30 40 50 60 70
970 HMm
Bpemsa 0bnyyeHns cex.
970 nm
exposure time s
Puc. 11. AuHamuKka Temnepatypbl ¢paH-
TOMa y KOHYMKa CBETOBOAOKHA, NPU CUH-
XPOHHOM 06AyYEHUU AA3€pPOM BOAHAMM
AOWHaMWKa TeMnepaTypbl dJaHTOMa AAMHOM 1560 HM 1 970 HM.
phantom temperature dinamics Fig. 11. The temperature dynamics of
0.0 the phantom at the tip of the optical fib-
! er, during synchronous irradiation with a
90,0 laser of 1560 nm and 970 nm.
80,0
322 700
2 ¢ 600
[~
© © 500
Q@
) @
c g 40,0
g_% g 300
20,0
10,0
0,0
0 10 20 30 40 50 60 70
15604970 Hm

paTypa HarpeBa ¢aHToMma. 3a 60 C OHa Ny1aBHO BO3pacTa-
Nla OT KOMHaTHol Temnepatypbl go 50°C (puc. 10).

Mpu obnyueHnn daHTOMa KOMOMHaLMEN BOMH Ann-
Hon 1560 HM 1 970 HM C CyMMapHOW MOLLHOCTbIO 2 BT
TaKXKe HabsIo4anca ninaBHbIA NOgbEM TEMNEPATYPbI, Ha-
NMOMWHAIOLWMI XO4 KPUBOW ANA BONHbI 970 HM, HO [OCTU-
ratouii 6onee BbICOKOro ypoBHs (88°C) C HEKOTOPbIM ee
CHUXeHuem nocne 50 c o6nyyeHus. CpegHas Temnepary-
pa Bo Bpems obnyuyeHunsa coctaBuna 66,9°C (puc. 11).

HepaBHOMepHOCTb HarpeBa ¢paHTOMa, Habnogaemyo
npu 065lyYeHUN Ha ANUHe BOJIHbI 1560 HM MAn KoMou-
Hauvemn n3nyyeHusa ¢ gAnHom BosiHbl 970 HM 1 1560 Hm

MO>XHO 0OBACHUTb $Ha30BbIM NEPEXOAOM BELLECTBA BTO-
poro Tuna BCNeACTBMEe Harpesa.

O6cyxpeHne

Takum obpasom, BUAeo3anucb Kamepon npouecca na-
3epHOro 006JlyYeHUss B peasibHOM BPEMEHU BK3YyasibHO
NpPoOEMOHCTPUPOBAa NpoLecc rmneprepmun GaHToma,
KakK Mmozenmn onyxonn mosra. nOﬂyLIEHbI noaTBepxaeHnA
NNaBHOCTW Harpesa, 6e3onacHoro OOCTUNXeHNA TemM-
nepatyp Koarynaunn mcrnosib3yemMblX pexrnmoB 1 [03bl
nasepHoro msnyyeHus. OTCyTCTBME KUMNeHUs GpaHTOMa,
o6pa3OBava rasa v obiMa yKa3blBaeT Ha TO, YTO Temne-
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paTypHbIi MOKa3aTesb B 30He B3aUMOZeNCcTBUA paHTOMa
1 Nla3epHoro nyya coctaBnsAet meHee 100°C, yto nogaep-
XKVBaeTCsA B METOAONOMMM FTMNePTEPMUN OMYXONen MO3-
ra. 31oT GaKT TakXKe NOATBEPXKAEH HAM B SKCMEPUMEHTE
C NPAMbIM V3MEPEHVEM TemnepaTypbl TePMOCEHCOPa-
MU 1 TemnnoBr3opom. [laHHOe nccrnefoBaHue nokasasno
pasnmura UCMNOMb30BaHNUA W3MTyYEeHUs HA [ABYX OJIMHAX
BOJIHbI B TeMMnepaTypHbIX dddeKTax, pasmepax 30H Koa-
rynaumnm, 0CO6eHHOCTAX PacnpOCTPaHEHUs 30HbI Koary-
NALMM MO OTHOLIEHUIO K KOHUMKY CBETOBOJIOKHA. Bce 3Tn
3¢ddeKkTbl Mbl Habnoganu ¢ paHTomom F1, cogepxawum
MEHDbLUYI0 KOHLEHTPALMI0 reMoriobrHa u 1Crnonb3ye-
MbIM KaK Mofesib C1abo- Ui ymepeHHOBaCKynApu3npo-
BaHHoI onyxonu. ®aHTom F2 ¢ 6onblinm cofep*aHnem
reMornobriHa OeMOHCTPMPOBa Koarynaumio aullb He-
NMoCpefCTBEHHO BONM3U KOHUYMKA CBETOBOJIOKHA. JTU
OCOOEHHOCTM B3aMMOZENCTBUA CleayeT  YuuTbiBaTb
npy NIaHUPOBaAHUN OMepaLnK, XOPOLLO BM3Yyanu3npys
y4acTK/ OMyX0osu C runepBackynspu3salmnen.

O6a meTofa M3MepeHUsi TemmnepaTypbl 4EMOHCTPU-
poBanu MyaBHbIN ee NogbeM BO Bpems obyueHus. Yem
Janblue OT KOHYMKa CBETOBOJIOKHA pacronarancs fat-
UVK TepMOMapbl WM TOUYKa M3MEpPEeHMs TemrepaTypbl
y TEMSI0BU30pPa, TEM MeHbLLe Obla Temnepatypa. PasHu-
La u3mepeHnin TeMnepaTtypbl TEPMONapon 1 TeNI0BN30-
pom gocturana 7°C. 3Ty He3HaUNTesIbHYIO MOrPeLHOCTb
N3MepeHns ABYMs Pa3NMUYHbIMY METOAAMU MOXHO 00b-
ACHUTb TEM, YTO TEPMOMapa U3MepseT TeMNepaTypy BHyT-
pu daHTOMa, a TeMOBU30Op — C ero noeepxHocTu [20].
Mostomy npu ¢uKcaymm TemnepaTtypbl TEMOBU30POM
Mbl pacrosarany CBETOBOSIOKHO Ha rnybuHe 1 Mm OT no-
BEPXHOCTY paHTOMa.

Pa6bota BbinosnHeHa Ha AByx Tnax ¢aHTOMOB, OTAMYALD-
LUMXCA MO KOHLUEHTpauuMu remornobuHa. Takol BblObop
cenaH B CBA3M C TeM, YTO Mbl CUMTAEM BaXKHbIM Pa3gensTb
3¢bpeKTbl BO3AENCTBUSA Nla3epa Ha OMyXo/n C pasHol CTe-
MeHbo BaCKyNspu3aLmu, YTo OOYCIIOBNEHO Pa3IMYMsAMU
B YPOBHe remorsiobuHa B onyxonsx. Pasnuuus B KpoBoc-
HabxeHUn TpebyT audpdepeHLMpPOoBaHHOTO Moaxoaa
K MPaKTMYeCKOMY MPUMEHEHUIO METOAOOMM fla3ePHON
runeptepmun. PaspaboTaHbl 1 anpobupoBaHbl MeToAbl
duKcaumm Temnepatypbl B GaHTOME BO BPeMsl JIa3epHOro
obnyyeHma. Ha ocHoBaHUM MoKa3aTeneln TemnepaTypbl
YCTAHOBJIEHO, YTO MPU MCMOMb30BaHUN peasibHbIX pabo-
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UMx PeXMMOB TemnepaTypa He npesbiwaet 83°C, He JocC-
TUraeT TOYKU KWMEHUs, ucnapeHus ¢paHToma. ITo nog-
TBEPXKAAET MATKOCTb 1 6€30MaCHOCTb JaHHbIX PEXKUMOB
B OOCTVKEHUWN Koarynaumm onyxonu. Hecmotpa Ha ToT
¢bakT, uto B paHTOME, B OT/IMUME OT OMYXOJM, OTCYTCTBYET
MUKPOLMPKYNALUS, JaHHas paboTa No3Bonvia BbIABUTb
OT/INYKA BO B3aUMOAENCTBUN C GaHTOMOM UCTMOSb3yeMbIX
[BYX AJ1IVH BOJH. [TonyueHHble pe3ynbTaTbl MOATBEPXKAAIOT
MPaBUIbHOCTb BbIOPAHHbBIX PEXKUMOB MHTEPCTULUANIBHO-
ro flazepHoro ob6syyeHUsi B MasioOMHBa3MBHOW runepTep-
MWW BHYTPUMO3rOBbIX OMyXOnen.

3aknioyeHve

30Ha HarpeBa BosiHOl 1560 HM Bcerga 6onblue no pas-
MepaMm, Yyem npu obnyyeHun 970 HM. Mcnonb3oBaHue
MOLLHOCTU 06/1y4YeHus 6onee 2 BT, C 0gHON CTOPOHDI, yBe-
NMYMBaeT 30HYy Koarynauuu, HO NPy 3TOM MOABAAIOTCA
C/bILWMMbIE LESTYKK, YTO FOBOPUT 06 abnsuumn daHToMa,
BCKUMAHUN BCNIEACTBUE MOBbILIEHMA TeMnepaTypbl CBbille
100°C. lNo3ToMy NpeBbILLEeHN e MOLHOCTY MHTEPCTULAMNb-
HOro Nla3epHOro n3nyuyeHust 6bonee 2 BT Helenecoobpas-
HO, MOCKOJIbKY MOXET ObITb COMPSXKEHO C HEeXenaTesb-
HbIMM 3pdeKTamy B OMyXONeBOW TKaHW U OKpYyXKatoLLen
MO3roBOW TKaHU 1 eé cocypax. [Mpy cymmapHom obnyye-
HVW OBYMSA BOJSIHAMU, 30Ha Koarynauum tem 6onbLue, Yyem
60sbLLe MOLWHOCTb U3nyyeHna 1560 HM. Pe3ynbTaT Koary-
NAUUNM NPV NOCNIEA0BATENIbHOM 0051yyYeHnn 6uodaHToma
Mario 3aBVCUT OT OYEPEAHOCTY BbIOPAHHON ANINHBI BOSHDI.
Hy>HO yunTbiBaTb, 4TO NPU 061yYeHUN BOSHOW 970 HM
30Ha KOarynauusa 4YaCcTMYHO PacrnpoCTpaHAeTCA K3aau oT
KOHUVMKa CBETOBOJIOKHA, Mpu AnvHe 1560 HM NpaKkTuyeckn
BCA 30Ha KOarynaumy BO3HMKAET Knepeamn OT KOHUYMKa BO-
NTOKHa. DTO yKa3blBaeT Ha Pa3nnymA BO B3aMMOLENCTBIM
N B OMTUYECKUX CBOWCTBAX 3TUX ABYX AJIMH BOJIH MO OT-
HoweHwmio K daHTomy. M3nyyeHne 970 HM MeHblue pac-
NPOCTPaHAETCA Brnepes, AEMOHCTPUPYA MEeHbLLY0 Npo-
HMKaloLWyo CrnocobHocTb B ¢aHToMe. PacnpocTpaHeHue
Koarynaumm K3agy OT KOHUYMKa CBETOBOJIOKHA ABNAETCA
CnefcTBrMEM NpeobnafilaHus OTPaXkeHUs CBeTa Wnv [Bu-
XeHuA TennoBon sHeprun K3agu. Bce atn pasnnuma B pac-
NPOCTPaHEHUN 30HbI KOarynauum, AMHaM1Kn TeMmnepary-
pbl BaXKHO YYMTbIBaTb Kak NpW MAIaHNPOBaHUN NeyeHus,
TaK 1 NPV MPaKTUYECKOM NPUMEHEHNMN TEXHONOMW Mano-
WHBa3NBHOW rMnepTepMmMM BHYTPUMO3TOBbIX OMyXOseN.
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Peslome

Ha 6enbix Kpbicax 13y4eHbl 0OCOOEHHOCTY OCTPOI TOKCUYHOCTU XMMUYECKM MOANPULIMPOBAHHOIO NPON3BOAHOIO NMPUPOLHOIO MUIrMeHTa X10po-
dunna a MOHOKaTMOHHOTO X/I0pVHa €6 — nepcneKkTnBHOro potoceHcndrnmsatopa (OC) AnA aHTUMUKPOOHO 1 NPOTUBOOMYXONeBON GOTOAUHA-
Muyeckoit Tepanuu. Mpeumyectsamu OC ABNAIOTCA NHTEHCVBHOE MOTMOLWEHE B AIMHHOBOMIHOBOW 061acTu BUAVMOTO CNeKTpa, AOCTaTOYHO
BbICOKWI KBaHTOBbI BbIXO[ reHepaLyin CUHIIETHOTO KUCIIOPOAaA, BbipaxXeHHble aMPpuduiibHble CBONCTBA HapsAAy C XOpoLUell PacTBOPVIMOCTbIO
B BOJE 1 BbICOKMIA YPOBEHb GOTOLIMTOTOKCMYHOCTI B OTHOLLEHMN Kak 3/I0KaYeCTBEHHbIX KIETOK NIMHUK Helad, Tak U aHTOMOTNKOPE3NCTEHTHBIX
rocnuTanbHbIX WTammos 6akTepuii E. coli, P. Aerugenosa v apyrux. Bennuuna J1[1, | Ans MOHOKaTVIOHHOTO X/IOpMHa €6 cocTasnisieT 100 Mr/Kr maccbl
Tena. B BocnpoussefeHHOI SKCrepruMeHTanbHOV MOAEIN OCTPOI TOKCUYHOCTM NaTOMOPPOIOrMYecKre N3MEHEHNA KN3HEHHO BaXKHbIX OPraHoOB
nabopaTOPHbIX KUBOTHbIX CBUAETENbCTBYIOT O BblPaX€HHOM Ba30oMNaTnyeCKoM AeNCTBMN Npenapata ¢ pa3BrTMeM oTeKa roIoOBHOro Mo3ra v pecnu-
PaTOPHOro ANCTPECC-CMHAPOMA, CTaBLUMMM OCHOBHbIMM 3BEHbAMU TaHaTOreHesa.
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Abstract

In this experimental work the acute toxicity of a chemically modified derivative of the natural pigment chlorophyll a called monocationic
chlorin e6, which is a promising photosensitizer (PS) for antimicrobial and antitumor photodynamic therapy, was studied using white rats.
The advantages of the PS under investigation are an intense absorption in the long-wavelength region of the visible spectrum, a sufficiently
high quantum yield of singlet oxygen generation, pronounced amphiphilic properties along with an appropriate solubility in water, and
a high level of photocytotoxicity in relation to both malignant HeLa cells and antibiotic-resistant hospital strains of E. coli bacteria., P. aeru-
genosa and others. It has been shown that the value of LD, of the considered PS can be calculated as the value of 100 mg/kg. In the repro-
duced experimental model of acute toxicity, pathomorphological changes in the vital organs of laboratory animals indicate a pronounced
vasopathic effect of the drug with the development of cerebral edema and respiratory distress syndrome, which have become the main
signs of thanatogenesis.
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BBepeHune

QotoanHammnyeckaa Tepanua (OOAT) npepcrtaBnsaer co-
60l BbICOKOTEXHOJIOMMYHbIA MANOVHBA3MBHbIV MOAXOA,
K JIEYEHUIO WNPOKOro CMeKTpa OHKOJOrMYecknx 3abo-
NeBaHWI N NTOKANIM30BaHHbIX MUKPOOHbIX MHMEKL WA, KO-
TOPbI MOXET UCMOJb30BaTbCsA Kak CAMOCTOATENIbHO, Tak
N B KOMMJIEKCE C XUPYPrYeCcKUM METOLOM, IeKapCTBEH-
HOM 1 nyyeBown Tepanuen [1-14]. BaxxHbiMy npermyLue-
ctBamun OIT, Kpome ee HM3KOW MHBA3UBHOCTY, ABNAIOTCSA
OTCYTCTBUE PE3VCTEHTHOCTY OMYXOJNIEBLIX U MUKPOOHbIX
KNeToK K MPOBOAVMOMY JIeUEHUIO, a TaKXKe CMOCOOHOCTb
OT BbI3bIBaTb UMMYHHbIV OTBET OpraHm3ma (2,4, 5,9, 11].

MeToa OCHOBaH Ha CeNeKTMBHOM HaKOMIEHUN B Ma-
JINTHU3MPOBAHHBIX Y MUKPOOHbIX KNeTKaxX MasoTOKCUY-
HbIX MUIMEHTOB — PpoToceHcmbunmsatopos (PC), cnocob-
HbIX NOA AENCTBMEM BUAMMOIO CBETa B3aMMOAENCTBOBATb
C MOneKynApHbIM Kucnopogom 0, 3anyckas Kackag ¢o-
TOXMIMUYECKMX peakuuii. 3To NpuBoanT K 3bPeKTnBHOM
reHepaunm akTuBHbIX dopm Kucnopoda (AOK) n yHnu-
TOXEHVII0 MATOreHHbIX MUKPOOPraHN3MOB U OMyxosie-
BbIX KNnetok [1-3, 10-15]. B 3aBucmumocTu ot npmpopbl OC
reHepauma AOK moxeT npoTekaTb MO OAHOMY M3 ABYX
MEXaHN3MOB: C 00pa30BaHNEM CMHITIETHOIO KUCIOpoaa
'0, vAn KNCIIOPOACOAEPXKALLMX PAAMKaNbHbIX YacTu,
B yacTHoctn, OH® n O, [1, 11, 15]. JllomnHecueHTHOe
KpacHoe CBeYeHre MaNIMrHu3npoBaHHON TKaHW nop aein-
CTBMEM BUAMMOIO M3NlyYeHWA B pe3yfbTaTe CeNekTUB-
Horo HakonneHus B Heit OC npumeHseTca gna ¢nyopec-
ueHTHou anarHocTuky (OLl) onyxonen [7, 12].

K HacToAwemy BpemMeHn B KANMHUYECKOW MpaKkTuKe
npumeHsaeTca uenoin pag OC gna onarHoCTUKN 1 fieve-
HMA MAUUEHTOB C OHKOJIOrMYeCKMMK 3abofeBaHuAMM
1 6akTepuanbHbIMU MHbeKunamu [1, 6, 8, 11, 16]. bonb-
wuHcteo 13 OC npeacTaBnAT OO0 MaKporeTepoLmK-
NMYeckre coefjMHeHUs Knacca nopdupuHos, dTanowma-
HUHOB, XJIOPUHOB WUNU GaKTepuoxnopuHoB [16-20],
a TaKXKe pAf NPOU3BOAHbIX 5-aMUHONEBYNIMHOBOW KUNC-
NOTbl. BaXKHO OTMETUTb, UTO MPAKTUYECKN BCE CO3[aH-

Hble paHee npenapatbl Ana O[T, opneHTUpPOBaHHbIE Ha
60pbby C OHKONOrMYecKnumy 3aboneBaHNAMY, CogepKaT
B COCTaBe MOJIEKYNT 3aMeCTUTEeNIN HEUMOHOreHHON Wn
aHMOHHOM Npupogbl [11, 21].

WccnepoBaHusa nocnedHrix neT HampasiieHbl, Npex-
[le BCero, Ha pa3paboTKy 1 TeCTUPOBaHMe HOBbIX bonee
3¢ dekTnBHLIX OC TpeTbero nokoneHus [12, 22]. OcHoBs-
HbIMW COBpPeMeHHbIMK TpeboBaHusmu Kk OC nomrmo
WHTEHCMBHOIO MOITIOWEHUs BUAVUMOTO M3MTyYeHnUs B 06-
NacTy «TePaneBTMYECKOrO OKHa» B1ONOrnyecknx TKaHem
(600-850 HM) 1 3pPekTrBHOM reHepauumn ADK saBnsioTca
xopowuin ruapodunbHO-NMNOPUbHBIA GanaHc, npea-
ronaralowni OQHOBPEMEHHYIO BOLO- W >KMPOPACTBO-
pumocTb (ampudunbHoctb) OC, HEBbICOKAsi CTOMMOCTb,
YCTOMYMBOCTb JIEKAPCTBEHHbIX GOPM MNPV XPaHEHWN U,
yTO Hanbosiee BaXHO, HM3KaA TEMHOBasA U BblpaXXeHHas
bOTOLNTOTOKCMYHOCTb NpenapaTos.

MpoBegeHue aHTUMUKPoOHOM OAT npepbasnseT K OC
psag cneunduueckmx TpeboBaHUN, OCHOBHbBIM U3 KOTO-
pbiX ABMAETCS HanMuue B CTPYKTYpe MOJIEKYJbl OLHOW
WM HECKOMbKMX KAaTUMOHHBIX TPYMM, MONOXKUTENbHBbIN
3apAg KOTOPbIX CYLECTBEHHO MoBbIWaeT apdUHHOCTL
npenapaToB K KIETOYHOW CTEHKEe MUKPOOPraHM3MOB,
B MEPBYD ouyepedb rPaMOTPULATENbHbIX MaTOreHHbIX
6akTepuin [9-12, 23], MOCKONbKY WCMOMb3yemble s
npotusoonyxoneson OAT npenapaTbl OKasanncb Mano-
3bdeKkTUBHBIMU NpY  GOTOMHAKTMBALMM TPaMoTpuLa-
TeNbHbIX MUKpPoopraHmnamos [11].

PaHee Hamu Gbina NpoBefeHa cepusa CUCTEMATUYECKIX
MYyJBTUAUCUMIIIHAPHBIX UCCNIEA0BAHUI MO NMOJSTyYEHUIO
N VUCCNEfOBAHMI0 PAaCTBOPUMbIX B BOAE WM B BOLHbIX
pacTBOpax NoBepPXHOCTHO-aKTMBHbIX BewecTs ([MAB) ®C
nop$rprHOBOro 1 XIOPUHOBOrO psifa. PaboTtbl BKtO-
yanu cuHTe3s OC, oueHKy reHepauum VMU CUHIIETHOTrO
Kucnopoga [24-26], onpefeneHve pacTBOPUMOCTH, Tna-
podunbHo-nMNodunbHOro 6anaHca U n3ydyeHue B3au-
mogerctena OC ¢ NOTEHUMANIbHBIMU HOCUTENAMA Ha OC-
HOBe 61I0COBMECTVMbIX MOIMMEPOB U MULLENAPHbIX MAB
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[27-32]. Take n3y4yanacb TeMHOBasA 1 GOTOUHZYLMPO-
BaHHaA TOKCMYHOCTb MpenapaTtos in Vvitro n in vivo B OT-
HOLLUEHVM OMyXOJIeBbIX KMNETOK U YCIOBHO MaTOre€HHbIX
LUTaMMOB MUKpoopraHusmos [14, 25, 26, 33, 34]. B xoge
NpoBeAeHHbIX UCCNeAOBaHUN Obio NokasaHo, uto ®C
C KaTMOHHBbIMY Tpynnamy 061agaioT BblipakeHHON GoTo-
LUMTOTOKCMYHOCTbIO B OTHOLUEHMM TPaMOTPULIATENbHOM
6akTepranbHom MKpodnopsl [27, 28, 33, 34] Kak in vitro,
Tak u in vivo. bbino yCcTaHOBNEHO, YTO MOHOKATMOHHbIE
MPOV3BOAHbIE XJIOPUHA €6 NO3BONAT IPDEKTUBHO NHAK-
TUBUPOBATb KyNbTYpbl ONyXONeBbIX KNETOK in vitro [12, 35],
B TO BpPeMs KaK TPUKaTVOHHbIE XJIOPUHbI 06n1aaatoT cia-
6bIM LIUTOTOKCUYECKUM OENCTBUEM.

Haunyuywm coyetaHumem XxapakTepUCTMK MO COBO-
KYMHOCTU NepeunciieHHbIX Bbille TpeboBaHWi 06nagatoT
HEeCKOJIbKO M3YUYeHHbIX COeZIVIHEHWI, B YaCTHOCTU, MOHO-
KaTMOHHOE MPOU3BOAHOE XNOpPUHa €6 (coeanHeHune ).
3101 OC JOCTaTOYHO XOPOLLO PACTBOPUM B OUANCTANIM-
poBaHHow Boge (6onee 1 mmonb/Kr npu 25°C), a B BOAHbIX
pacTBopax noTeHuManbHbIX CPeACcTB AocTaBku — TBmH 80
unn nonueuHunnupponugoHa (MBI1), ero pacTBopu-
MOCTb BO3pacTaeT B HeCKONbKo pa3. OH obnapaeT vH-
TEHCUBHBIM MOTJIOLWEHNEM B KPacHOW 0611acTu cnekTpa
(660 HM) 1 B HeBOAHbBIX cpefax 3bdeKTUBHO reHeprpyeT
CUHTTIETHBIV KNCNOPOL C BEIMYMHOW KBAaHTOBOIO BbIXO-
na ~0,6 [27], obnagaeT xopowum rapodunbHO-IUMO-
¢bunbHbIM 6anaHcom ¢ KoabdULMeHTOM pacnpeaeneHus
B cucteme «1-okTaHon/docdatHo-conesoli bydep», pas-
HbiM 8,610,2 npu TemnepaType 298 K [27, 29], pocTaTou-
HO MPOYHO CBA3bLIBAETCA C MULIE/INIAaMN HEMIOHOTEHHOTO
[TAB TBuH 80 (Kb = 4,5740,22 B 0611aCTN KOHLEHTpaLWi
®C ~0,01 Mmmonb/Kr), NOKanU3yAacb NPenuMyLecTBEHHO
BONM3M noBepxHocTn muuenn [30, 31], a Takke obnagaet
BblpaXKeHHbIM GOTOMHAYLIMPOBAHHBIM MPOTMBOOMYXO-
NeBbIM (B OTHOLWEHUN KneToK Hela in vitro) [35] n aHTK-
MUKPOOHbIM 1eNCTBUEM B OTHOLLIEHUN KaK IPaMMooxXu-
TenbHoW (St. aureus), Tak 1 rpamoTpuuatenbHon (E. coli)
naToreHHow ¢siopsl in vitro [27, 33].

MHpekc BbikMBaeMocTu (%) pakoBbix KneTok Hela in
vitro npu cogepxaHun OC 1 MKMONb/N nocne obnyye-
HUS KpacHbIM cBeToM (660 HM, fio3a 12 [Ix/cm?) cocTaBun
nvwb 3,7140,11 [33], yTO CBUAETENLCTBYET O BblPaXeH-
HoW GpOTOMHAYLMPOBAHHON MPOTMBOOMYXONEBOW aKTVB-
HOCTU npenapaTta. ABTopamy 6bia nMokasaHa dotoun-
TOTOKCMYHOCTb COeAMHEeHMUA | B OTHOLIEHUN MY3eNHbIX
LUTaMMOB MUKPOOPraHn3amos [25, 31], npuyem nNpu KOH-
LeHTpaumm MUKPOOHbIX KneTok 10° KOE u obnyvyeHun
MX KPacHbIM CBETOM (660 HM, C(DC = 50 mKMoOnb/n) B fo3e
40 [x/cm? 6bina JOCTUIHYTa NOJTHAA UHAKTMBALMA rpam-
NoJIOXKNUTENIbHON MUKpodnopbl (St. aureus), Torga Kak
KOJIMYeCTBO rpamoTpuuaTtenbHbix 6aktepuii (E. coli) He
CHVXanocb. Micnonb3oBaHue [06aBOK, COCOOCTBYOLIMX
fectabvnusaumm BHelWHeln MembpaHbl MUKPOOPraHu3-
moB (TeuH 80, TpwnoH b) n/vnn yBennueHrne KOHUEHTpa-
uumn OC NpUBOAMIIO K NMOSTHON GOTOMHAKTUBALUN MUKPO-
60B B X0fe 3KcrneprmMeHTa [25].

Pe3ynbTaTbl MpoBeAeHHbIX MCCe[OBaHUM MOKa3bl-
BalOT, YTO COoefVIHEeHVE | MeeT XOPOoLLMIA NOTeHLUMan ans
ncnonb3oBaHusA B kayectse OC ana OAT. 310 AUKTYeT He-
06x0aNMOCTb M3yuyeHns 3GpPEKTOB, CBA3AHHDBIX C TOKCU-
YeCKMM BO3[eNCTBMEM MpernapaTa Ha KMBOW OpPraHu3m
B LIENIOM, €ero opraHbl 1 cucTembl. NpoBefeHHble paHee
MCCnefoBaHNA YKasblBalOT Ha KpaviHe HU3KY TOKCUY-
HOCTb aHMOHHbIX OC ana OOT Ha ocHOBe x/IoprHa €6 [8,
21, 22, 31]. B yacTHOCTW, OAMH 13 Hanboree YacTo NCMOJb-
3yembix OC X110PMHOBOrO psila GOTONIOH UMEET BENTUUUHY
netanbHom po3bl JII. nopsaka 180 MI/KF Macchl Tefna, YTo
B 100 pa3 BbliLLe 06bIYHO UCMOJb3yeMbIX 403 NPU NpoBeae-
Hum QAT [21]. OgHaKo Hannuve B COeAMHEHNM | KaTOHHOW
rpynmnbl MOXeT 3aMETHO YBENNYUTb LIUTOTOKCUYHOCTb OC.
Takum o6pa3zom, MHGopmaLms 06 0COBEHHOCTAX ero BO3-
[EeiCTBMS Ha OPraHN3M KpaliHe Heobxoavma ansi npoBeae-
HUA JanbHENLWWX AOKIMHUYECKUX UCMbITaHUIA npenapaTa.
Llenbto HacTosiel paboTbl ABAAETCA M3yUYeHne OCTPOW
TokenmyHocTn OC, oueHKa BenuuviHbl J1, 1 nccnefosaqvie
MEeXaHW3MOB TaHaTOreHe3a MOHOKATUOHHOIO XJIOpUHa e6.

Puc. 1. O6beKT uCCAepAOBaHUA U NPUPOAHBIE UCTOUHUKU XAOPUHA €6: | - xnopuH €6 13(1)-N-(2-N'N’N’-TpuMeTUAaMMOHUO3TUA MOAUA) aMUA,
15(2), 17(3)-aumeTunoBbIn adup (coeapuHerue 1); Il - metuadeodopbua a; lll - xnopoduan a.
Fig. 1. Objects of study and natural sources of chlorin e6: | - chlorin €6 13(1)-N-(2-N'N’N’-trimethylammonioethyl iodide) amide-15(2),17(3)-

dimethyl ester (comp. I); Il - methylpheophorbide a; 1l - chlorophyll a.

OPUTUHAJIBHbBIE CTATbA
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MaTtepunanbl n metoabl

CnHTe3 xnopuHa (coegnHeHue |) ocyuecTenanca us me-
Tnpeodpopburpa a (coegnHeHre ll) no onvcaHHoOW ABYX-
CTaguinHon metoauke [25, 33, 34]. Metundeodopbug a
nosiyyanu nytem gemeTassIMpPOBaHUA U YaCTUYHOTO KUC-
NIOTHOTO rnaponusa xnopoounna a (coegnHenue ll), skc-
TparMpoBaHHOro M3 unaHobakTepuwn Spirulina Platensis
[35]. YncToTa NONyYeHHOro KOHEYHOro MpPOoAyKTa Mac-
con 6onee 500 Mr CNeKTPanbHO NAEHTUOULNPOBAHHOIO
MEeToJaMN SIAEPHOro MarHUTHoro pesoHaHca ('H AMP,
Bruker 500 Avance Ill) u macc-cnektpometpun (MAJION,
MALDI-TOF Shimadzu Axima Confidence) 6bina He MeHee
95%.

B npepBapuTenbHOM WCCNefoOBaHUM MpenapaTta
C uenbio nogbopa Ao3 ANA AanbHenwWwero onpeaeneHns
OCTPOW TOKCUYHOCTU yyacTBoBanu 11 6enbix 6ecnopop-
HbIX KpblC-caMOK Maccor oT 200 go 230 r. SKcnepuMeHT
nposoaunu B HObpe — aekabpe.

[ByM Kpbicam BBOAWIM MOTEHLUUANIbHBIA HOCUTENb
(TBMH-80) no 1 mn 1% un 3% BOZHOrO PacTBOPa, coaepKa-
wero cootBeTcTBeHHO 10 1 30 Mr BewecTsa.

PactBopbl OC roToBMAM Mo Macce crnegyowmm ob-
pasom: HaBecKy TBepgoro OC nepemewmBanu C pac-
YeTHbIM KonnyectBom TBMH-80, 3aTeM K MOJly4YeHHON
BSA3KOW Macce measieHHO [06aBnanv ABaXkAabl AUCTUN-
NINPOBAHHYI0 BOAY, PacTBOP FOMOreHU3MPOBaNIn YIbT-
pa3Bykom (¥Y3-romoreHusatop «Sonopuls» (Bandelin,
[epmaHuA)), nocne yero NosNyyeHHble PacTBOPbI LieH-
Tpudyrmuposanu (3000 06/MrH) ans yganeHus ny3bipb-
KOB BO3JyXxa.

MpUroToBNEHHDbIN TakM 06pa3omM BOAHbBIV PACcTBOP
M3y4yaemoro npenaparta, CofepKalinii pasnnyHble JO3bl
OC B cooTBeTCTBUM C TabA., a Takxe 1% conobunmsaro-
pa TBnH-80, 6bin BBeaeH 9 Kpbicam (N2N2T — 9). O6bem
WHDbEKLMN BO BCex cnyyasax coctasnan 1 ma. Kpbicam N7
1 N°9 npenapat 6b11 BBeIEH BHYTPUOPIOLINHHO, OCTallb-
HbIM — B XBOCTOBYIO BeHY (Tabn.).

MrBOTHblE, Nonyuymswne nHbekunn TenH-80, B TOM
yrcne B KONMMYeCTBaX, MPEBbILLAILWKX PaboUyio KOHLEHT-
pauuio contobunmzatopa (1%), He NPOAEMOHCTPMPOBANU
KaKUX-Nnbo noBeAeHYECKMX N3MEHEHU B TeUeHune BCe-
ro nepuopna HabnwaeHni, YTo CBUAETENIbCTBOBAIO O Ma-
JIOM TOKCUYHOCTY 3TOro brocoBmecTumoro MAB.

Y KpbIC, MONYUYMBLINX NpenapaT KaTMOHHOTO XJ10pu-
Ha BHYTPUBEHHO B 03e Oosee 75 Mr/Kr Macchl Tena, Ha
cnegyownin feHb pasBuiacb rmnepemusa yuem, py-
rMX 0COH6EHHOCTEeN, CBA3aHHbIX C MYTEM BBELEHUS, He
oTmMeyvanocb. OgHo xunBoTHoe (N°9, nonyumBLiee [O3y
150 Mr/Kr) Ha BTOpble CYTKM NOrm6so, BCKpbITUE Npo-
M3Be4EeHO B [eHb CMepTWU. DBTaHA3UA OCTAJNIbHbIX »KW-
BOTHbIX BbIMOJIHANACL CNYCTA 2 Hep nocsie UHbeKLWKn
OC mMeTOAOM PE3KOro CMeLleHUs LWerHbIX NMO3BOHKOB
C nocnepyoLWyM BCKPbITYEM U 3a6OPOM Ha rMcTonoru-
yeckoe uccnefoBaHne roloBHOrO MO3ra, Nerknx, cepa-
La, NeYeHn 1 NoYeK.

Tabauua

BeanunHa po3 ®C, BBeAeHHOr0 KpbicaM Ha NepBoOM 3Tane UCCAeA0-
BaHUA

Table

The amount of PS doses administered in rats at the first stage of the
study

N2 >KMBOTHOroO [o3a (mr/kr maccbl Tena)

Dose (mg/kg of body weight)

Number of animal

1 5

2 10
3 20
4 30
5 50
6 75
7 100
8 125
9 150

B 0CHOBHOM 3KCNEpPMeHTE, NPOBOAUBLLIEMCS B Mae —
uioHe 2021 r., yyactBoBanu 15 6enbix 6eCcnopofHbix
KpblC-CaMOK (MUTOMHUKK: dunuan «AHgpeeka» OIBYH
Hayku «LleHTp 6GuomepmumHckux TexHonoruii» OMBA)
maccon ot 190 no 220 .

YKnBOTHbIE GbIIV pa3feneHbl Ha 3 rpynmbl MO 5 KpbiC
B Kaxgon. PacTBOp MOHOKATMOHHOIO XNOpuHa €6 BBO-
[OWICA OQHOKPATHO BHYTPUOPIOWNHHO B YTPEHHKE Yachl
B cnegyowmx gosax: rpynna | — 100 mr/kr, rpynna Il —
125 mr/kr, rpynna Il — 150 mr/Kr maccbl Tena ¢ nocnegyto-
MM HabnoaeHneM.

Y BCEX NOTMOLLNX >KUBOTHbBIX B AEHb CMEPTH, Y BbIXKUB-
Wwnx — yepes 14 cyT nocne NHbeKUNM MOHOKATMOHHOIO
XJIOpUHa e6 NPoV3BELEHO BCKPbITHE U 3a60p AiA nocsie-
JYIOLero rmcTosiornyeckoro 1UccneqoBaHnsa roloBHOro
MO3ra, Nerknx, cepaua, neyeHu, noyek 1 ceneséHku. 3a-
601 NPon3BOANSICA METOAOM PE3KOro CMeLLeHMs LWe-
HbIX MO3BOHKOB.

Mocne v3BneyeHrs OpraHoB OblfIO BbIMOIHEHO TUC-
TONOrMYyecKkoe NCCnefoBaHe CeKLMOHHOro mMatepuana.
B rpynnax Il u Ill Bce xnBOTHbIE Nornbnu yepes 1,5-3 cyT,
B rpynne | O OKOHYaHUsA 3KCneprMeHTa Nornénu 2 Kpbl-
Cbl, Ha 4-e N 6-e CYTKM COOTBETCTBEHHO. AyTOoncmsa no-
rMOLLIVIX XMBOTHBIX OCYLLECTBAANACH B Npefenax nepBblx
cyTok. OcTaBlwumeca »usbiMy B rpynne | Tpy KpbiCbl Ha
14-e cyTKM OblnM NOABEPrHYTbl OAHOMOMEHTHOW [eKa-
nUTaunmM ¢ nocnepyoleli 6esoTnaraTeNlbHON CeKUMen.
B xoge aytoncuin NnpoBOAWIM KPAaHMOTOMMIO, FONOBHOMN
MO3r U3BNieKanu Lenmkom u ¢rkcmposanu B 10% pact-
BOpe HenTpasbHoro d¢opmanuHa. Yepes ofgHU CyTKU
C nomoLblo GPOHTaNIbHBIX PA3pPE30B BbIAENANM 30HY
npeLeHTpanbHOW U3BUIVHbI MEepPefHEero Mo3ra, Mo3xe-
YOK, CTBOJT FONOBHOrO Mo3ra. lpu BCKPbITUM FPYyAHON
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1 OplOWHOM MONOCTeN cepfue, MeyeHb, MOYKU, Haf-
NMOYEUYHUKN 1 Cene3eHKy TakKe M3BneKann LelnNKom
1 noggeprany nepsuyHon dukcaumu. Mocne BTopryHOM
duKcaumm 1 NPoMbIBKY pparMeHTOB OPraHOB MPOBOAKY
(06e3BOXNMBaHVE) MaTepUasa OCYLLECTBISANN C MOMOLLbIO
99% n3onponunIoBoro cnmpTa. Kycoukn opraHoB 3anmBa-
N1 napadrHOM, U3rOTOBJIEHHbIE HA CAHHOM MUKPOTOME
«Microm» rucrtonornyeckue cpesbl TOMAWUHON 5-6 MKM
OKpaLMBany reMaToKCUIMIHOM U S031HOM.

Mopdonornyeckuin aHanvs NPoOBOAWAN Ha UCCNER0-
BaTeNIbCKOM MuKpockone «Micros» MC-200, mukpodoTo-
rpadumn nonyyeHbl C NMOMOLLbID LMPOBON OKYISPHOW
kamepbl DCM 900.

Pe3yanaTb| n nx 06cy)|q:|,e|-||ne

Mpn npoBegeHnn npenBapuUTENbHONO WCCNE[OBaHUA
Ha BTOpble CyTK/ MOC/Ee UHbeKLMU Obin 3adpuKCMpoBaH
neTanbHbIA NCXOA TONbKO Y KPbIChl, MOAYyYMBLLEN Npena-
pat B fo3e 150 Mr/Kr maccbl Tena, OCTaibHble XUBOTHbIE
BbkMAK. [pn npoBegeHNN OCHOBHOIO 3SKCMepuMeHTa
NpaKkTUYecKn cpasy nocsie NHbeKUnr Habnoaanocs He-
KOTOpOe yxyflleHne OOLIero COCTOAHMUA MMBOTHBIX:
BAIOCTb, COH/IMBOCTb, MbllleYyHas cnabocTb. BbipaxeH-
HOCTb OMKWCaHHbIX CMMNTOMOB KOppenMpoBasna C nony-
YeHHOW [0301 nccnegyeMoro BelecTsa U ycunmBanacb
C ee NOoBblLLUEeHNEM.

B TeueHne cnepylowmx gByx cyTok y Bcex 10 »KMBOT-
Hbix rpynn |l v Il HacTynun netanbHbIA ncxog. B rpynne
| nocne BBeaeHUs Npenaparta Nornbnm 2 Kpbichl, Nagex
OTMeYyeH Ha 3-u 1 Ha 6-e cyTku. EWwé y ogHom Kpbicbl
rpynnbl | B TeyeHne 5-6-x CYTOK 3KCrepmmeHTa OoTMme-
yeHbl MblleYHas cnabocTb, B3gparnBaHus, B3bepoLleH-
HaA 1 HEeCKONbKO MOTYCKHEBLIAA WepCTb. Y OCTalbHbIX
XKMBOTHbIX FPYNMbl | BblpaXeHHbIX BHELUHUX U3MEHEHNI
He Habnioganocb. Takum obpaszom, B rpynne | norubno
2 Kpblcbl 3 5-1, go3a OC, paBHaa 100 mr/Kr maccobl Tena,
MOXHO cumTaTb 6nmskon k J11, . [Insa 6onee [OCTOBEPHbIX
BbIBOJOB C/lleflyeT yBeNNYUTb YMCII0 HAabnoaeHN.

Mpu rmMcTonormyeckom NccieloBaHNy OpraHoB Obin
noslyyeHbl cnegylowme JaHHbIe.

Ipynna | (MOHOKaTMOHHbIN X1TOPUH €6 B fo3e 100 mr/Kr):
Yy 3-X KpbIC, JOXMBLUNX OO OKOHYAHUA SKCMEpPUMEHT,
B rOJIOBHOM MO3re HabiofaeTcAa yMEPEHHO BbIpaXKeHHoe
NOSIHOKPOBME MOCTKANWINIAPHOrO 3BEHa MUKPOLMPKY-
natopHoro pycna (MLP), conpoBoxpaatolieeca napetu-
YeCKNM pacluMpeHremM BeHYI, 1 MeprnBacKyNAPHbIN OTeK
HEepPBHOW TKaHW Monywapuin 6onbworo mosra. B Kope
npeueHTPanbHOW U3BWINHDBI K B KOPe MO3XeuKa coxpa-
HeHa cTpaTudurKaLmsa CfoeBs, 6ONbLUMHCTBO NMMPAMUHbBIX
HEePOHOB 1 rPyLUEeBUAHbIX KNETOK [TypKUHbe C YeTKnmun
KOHTYpamu AAep 1 untonnasmatmyeckmx rpaHyn Hmcens
npv pPaBHOMEPHOM pacrnpefeneHn MaKkporananbHbIX
3/1eMeHTOB. VcKnouyeHne coCTaBnAOT HEMpPOHbl CTBONA
rOJIOBHOMO MO3ra, YaCTb KOTOPbIX UMeeT popmaT 06paTu-
MOTO VLIEMNYECKOrO NOBPEXAeHNA B BUAE YMEHbLUEHUA

obbemMa UMUTOMNA3Mbl, TMNEPXpoMumn Aagep, HabyxaHus
AKCOHOB Ha GOHe MepuLensIAPHOrO OTeka HEPBHOW
TKaHu (puc. 2).

Ha mMakpockonnyeckom ypoBHEe MOJSIOCTb JIEBOTO »Ke-
NygoyKa cepiua KOHLEHTPUYECKM CY>KeHa, MPaBbl Xe-
NYQOYEK YMEPEeHHO AVMAATUPOBAH, COAEPMUT KUAKYIO
KpoBb. MMKpOCKONMYeckn nccnegoBaHume: MpocBeTbl Co-
cynoB MLIP paclumpeHbl, 3anofiHeHbl 3puTpoLTamu, 6e3
NPU3HaKOB arperauny; COKpaTUTesibHble BOSIOKHA MUO-
KapZa paBHOMEPHOW OKpPaCKW, C YETKMMU KOHTypamu
1 MONepeyYHON NCYePUYEHHOCTbIO.

Jlerkue nacTo3Hble (TECTOBATON KOHCUCTEHLIUK), 3aHU-
MatoT 90% ob6bemMa NneBpasnbHbIX MONOCTEN. Y XKUBOTHbIX,

Puc. 2. luctonorus. MAa3monmkHo3, rMnepxpomMus saep HepoHoB (A),
HabyxaHWe aKCOHAAbHOro OTpocTKa HewWpoHa (B). Okpacka remaTok-
CUAMHOM M 303UHOM. YBennueHue 1200.

Fig. 2. Histology. Plasmopyknosis, hyperchromia of neuron nuclei (A),
swelling of the axonal process of a neuron (B). Stained with hematoxy-
lin and eosin. Maghnification 1200.

Puc. 3. Mucronorus. Mpocset 6poHxa 06TypupoBaH cAu3bto (A), nepu-
6poHXUanbHbIM ouyar ocTpon amdpusembl (B). Okpacka remMaToKCUAU-
HOM Y 303MHOM. YBenuueHue 120.

Fig. 3. Histology. Bronchial lumen obturated with mucus (A), peribron-
chial focus of acute emphysema (B). Stained with hematoxylin and
eosin. Maghnification 120.
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normbwmnx Ha 3-1 1 6-e CyTKN OT Hayana sKCNepumMeHTa,
MUKPOCKOMMYECKasa KapTrHa xapakTepusyeTca yMepeH-
HO BbIPaXeHHbIM MOJIHOKPOBMEM MEXaJIbBEONAPHbIX
rMeperopofoK, CrnasMom OPOHXOB CPedHEro M Manoro
Kanunbpa, NpoCcBeTbl KOTOPbIX YACTUYHO UM MOJTHOCTbIO
06TypurpoBaHbl CNU3bio. B ycnoBurax o6cTpyKumy 6poH-
XMaNbHOTO fepeBa HabrnopaeTca popmMUpoBaHME oua-
roB LieHTpauUrHapHOM amdusemsl (puc. 3).

B noukax HabngaeTcs YMEpPeHHO BbIpaXKEHHOe
OCTpOe BEHO3HOE MONIHOKPOBME, KanuinapHble netnu
KnybOoUKOB cofiepaT 3pUTPOLITbI, MPOCBET Karncysbl He
pacwmpeH, HeppoLMTbl MPOKCMMAbHbIX U ANCTaNbHbIX
M3BUTbIX KaHasbLeB 06bluHOM GOPMbI C PAaBHOMEPHOW
OKpACKOW LUTOMMasMbl, NPOCBET KaHanbLeB cBobOA-
HbIN.

Mpn MNKPOCKONNYECKOM MNCCIe[OBaHNM NeYEeHU OT-
MEUaeTCs YMEPEHHO BbIPa)KeHHOE MOJSIHOKPOBME LIEHT-
panbHbIX 1 MOPTaNbHbIX BEH, TMCTOAPXUTEKTOHMKA Neye-
HOYHbIX JOJIeK COXpaHeHa, CUHYCOMUabl He pacLUMpPEeHbl,
€O cBOOOAHBbIM NMPOCBETOM, B CTPOME MOPTaSIbHbIX TPaK-
TOB €iUHNYHbIE FTCTUOLMTbI U IMMPOUNTBI. BO 2-M 1 5-m
HabnogeHMAX OTMEYAOTCA NePUNOpPTaIbHbIE OYaru Xu-
pOBOI ANCTPOGUN renaToLUTOB C yMEepPeHHOW NumMmboru-
CTVIOLUTAPHON MHPUNBbTPaLMEN CTPOMBI.

Ipynna Il (MOHOKaTVOHHbIN XNOPVH €6 B fo3e 125 Mr/Kr).
Mpwn nccnegoBaHWKY FONOBHOIO MO3ra Yy BCEX KPbIC Bbl-
ABJIeHbl MPU3HAKM PACCTPONCTBA KPOBOOOpPaLLEeHMs Ha
ypoBHe MLP, KoTopoe Bblpa)kanocb arperaumen 3put-
pounTOB B MPOCBETaX KanwuanapoB, yMEPEHHO Bblpa-
XEHHOM MOJIHOKPOBMEM U AWnATauMeln BeHys, nepu-
BaCKYNIAPHbIM 1 MepuULeIioNApHbIM OTEKOM HEPBHOW
TKaHu (puc. 4). Habnioganocb doKanbHOe NoBpeaeHne
NMPaMIHbIX HEMNPOHOB KOPbl MOaywapuin 6osbLIoro
MoO3ra u Knetok [lypkunHbe (rpylieBmaHbIX HENpOHOB
MO3KeuKa), KOTOPOe BbIpaXKasiocb HabyxaHUem HelpoLu-
TOB, KapVONN3NCOM, pPa3pyLUeHNEM OpraHess UuMTonas-
Mbl C NeprdOKanbHOWN peakuren MUKpOrnun. HelipoHsl
CTBOJSIa TFOSIOBHOIO MO3ra MIMENM MPU3HaKW Ullemmye-
CKMX M3MEHEeHUI B BUIe rnepxpomun aaep C notepem
KOHTYPOB AfpbILLIEK, YMEHbLIEHEM 00BbeMa KIETOK.

Mpu nccnepgoBaHMKM cepiua OTMeYanocb paclimpe-
HUe NOoNOCTeN NPaBOro 1 NIEBOrO XeyfoUYKOB, MUKPOC-
KOMMYeckn BO BCEX HAOMOAEHUsAX UMesio MecTo Ha-
pyweHve remoumpkynauum Ha yposHe MLUP, kotopoe
XapaKTepr30Banoch arperaumnern SpuTpoLUTOB B Kanus-
napax, NoIHOKPOBUEM BEHYJT, OTEKOM CTPOMbI MUOKap-
na. B cybsHaoKapamanbHbIX oThenax MroKapha IeBoro
1 MPaBOro »enygouka BblsiBIEHbl ouary nepecokpatie-
HUA (KOHTPAKTYypbl) B BMAE BOSHOOOpPa3HbIX COKpaTu-
Te/IbHbIX BOJIOKOH C HEPaBHOMEPHOW OKpPacKoW LMTO-
nnasmMbl KAPAMOMMOLNTOB.

B nerkux skcnepumeHTanbHbIX XMBOTHbIX Habnoaa-
NIOCb OCTPOEe MOJSIHOKPOBKE, OTEK MeXKaslbBeONAPHbIX
neperopofok ¢ aedopmMaLuen 1 ymeHbLleHEM obbema
anbBeon (puc. 5).

B ycnoBuax BbIPaXKEHHOTO PacnpPOCTPAHEHHOrO
CnasmMa Menkux GPOHXOB M BPOHXMON HApYLUEHWE COCY-
OVICTON NPOHMLIAEMOCTN NPYBENO K BbINOTY U Hakome-
HUo GUbPMHA Ha ClM3KCcTol 0605I0UKe BPOHXOB MO TUMY
«TMNANIVHOBbIX MEMOPaH».

Mpu uccnegoBaHUM MOYEK OTMEYAETCA YMEPEHHO
BblpaXKeHHOE MOJIHOKPOBKE BCEX OTAENOB, B 4-X Habnto-
OeHUsIX HedpoLUMTbl MPOKCMMANbHBIX U3BUTbIX KaHalb-
LeB HaXoAWIUCb B COCTOSHUM BaKyoJsibHOU (6enKoBOW)
ancTpodurm, MPOCBETLI KAHAMbLEB CY>KEHDI.

B neuyeHu ocTpoe BeHO3HOE MONIHOKPOBUE Bblpaxa-
NOCb M3MEHEHUSMU MPENMYLLECTBEHHO B LIEHTpax ne-
UEHOUHbIX [0JIEK, e LeHTpasibHasA BeHa 1 CMHycouabl
NpeLeHTPanbHOM 30Hbl ObINN KPOBEHAMOJHEHbI U pac-

Puc. 4. lctonorus. femocras B kanuaapax (A), nepuBackyAipHbIv
W NEePULEAMIOAAIPHBINA OTEK HepBHOW TKaHu (B). Okpacka rematokcu-
AMHOM U 303UHOM. YBennueHue 480.

Fig. 4. Histology. Hemostasis in the capillaries (A), perivascular and
pericellular edema of the nervous tissue (B). Stained with hematoxy-
lin and eosin. Maghnification 480.

Puc. 5. Tuctonorus. Octpoe NOAHOKPOBUE AETKOTO, AepopmaLma anb-
BeoA. OKpacka reMaToKCMAMHOM U 303UHOM. YBeanueHue 480.

Fig. 5. Histology. Acute plethora of the lung, deformation of the al-
veoli. Stained with hematoxylin and eosin. Magnification 480.
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lwMpeHsbl. BakyonbHaa guctpodus renatouutoB Hocwna
0YaroBbI XapaKTep, rMCTOAPXMTEKTOHMKA NeYeHOYHbIX
[loneK coxpaHeHa.

M3meHeHnA B cenes3eHKe xapakTepr3oBanucb yme-
PEHHO BbIPa)KeHHbIM MOJTHOKPOBUEM KPaCHOW MyNbMbl.

Tpynna Ill (MOHOKaTMOHHbIA XOPUH €6 B po3e
150 mr/kr). B ronoBHOM Mo3re Ha poHe remocTasa B COCy-
gax MUP, BbipaxKeHHOro nepmBacKynapHOro n nepuuen-
NIONAPHOro OTeKa MOBpeXAeHMA HeNPOHOB XapakTepu-
30BaNNCb yMEHbLUIEHEM OObeMa KNEeTOK, TMnepxpomMme
Anep, nepepacnpepeneHvem rmblbok Huccna B uuto-
nnasme. B cTBonoBOM oTgene ronoBHOro Mo3ra n3MeHe-
HUA eVHNYHbIX HENPOHOB MMEN HEOOPATUMBIN XapaK-
Tep C NPU3HaKaMu HeKpo3a KJIeTOK B BUAE Kapronmn3nca,
dparmeHTaLmm yuToNNasmbl, NneprdOKanbHON peakLuen
MUKpornum (puc. 6).

Mpy Makpockonuueckow oLeHKe cepaua Obifio obHa-
PY»eHO, UTO NOJIOCTN XeyAoUYKOB paclmpeHbl, cogep-
XKaT XKMAKYI0 KPOBb, MUOKApA APs06/10BaTON KOHCUCTEH-
UMM, Ha MMKPOCKOMUYECKOM YPOBHE Habnodanuch cras
SpPUTPOLMTOB B Kanunnsapax, MOSHOKPOBME WUHTPaMy-
panbHbIX BEH, OTEK CTPOMbI MMOKapaa. DokanbHO coKpa-
TUTENbHbIE BOJIOKHA MMEJIN BOSTHOOOPa3HbIe N3MEHEHMS,
oTAesNibHble KapAnomMuoLunTbl Nnpuobpenn 6a3odusbHyo
OKpacKy.

MccnepoBaHme neroyHom TKaHW MoOKasano Hanuuve
BbIPaXKEHHOrO MOJIHOKPOBUA CTPOMbI fIETKMX, Ha GOHe
KOTOPOrO BbIMOT MJIa3MeHHbIX 6eNKoB npuBen K Gopmu-
POBaHMIO 303UHOPUIIBbHBIX MEHOK (MO TUMY FMasNHO-
BbIX MeMbOpaH) Ha BHYTPEHHEl MOBEPXHOCTU asibBEON
N MENKMX OPOHXOB. BblpaXkeHHOe cracTmyeckoe cocTos-
HYe GPOHXOB COMPOBOXAAETCA NePUOPOHXNANIBHON UH-
dunbTpauven numoounTamMmn C HanMuUeM envHUYHbIX
303UHOGUNOB (puc. 7).

B noukax Ha ¢OHe 0CTPOro BEHO3HOro NOSIHOKPOBYA
BaKyoJibHasA ANCTPOdUA SNUTENNA NMPOKCMMANbHbIX OTAe-
OB KaHasnbLeB Nprobpena pacnpoCcTpaHEHHbIN XapaKTep.

Mopdonorrnyeckas oueHKa TKaHu neveHu B rpynne il
noKasasa BblpakeHHOe BEHO3HOe MOSIHOKPOBKME BCEX OT-
[eNoB NeYeHOYHON AO0MbKM NPU OTCYTCTBUM 3HAUUMbIX
NOBPEXAEHNIN CO CTOPOHbI FrenaToumnToB.

M3meHeHNnA B ceneseHke 0Ka3anncb CONOCTaBNMbIMM
C FMCTONIOMMYECKOW KapTMHOW NOTHOKPOBUA B rpynnax |
nll.

Takum o6pa3om, MopdoNornyeckn 3HaYMMbIMU OKa-
3a71Cb U3MEHEHMA B FONTIOBHOM MO3re, Nerkux 1 cepaue.
[naBHbIM 3BEHOM MaToreHesa ABWIOCb, MO-BUAVMOMY,
BblpakeHHOe Ba3onaTnyeckoe AencTBue KaTMOHHOMo
XJIOPUHA, B pe3yfnbraTe KOTOPOro MnporpeccMpoBanu
OTEK 1 HabyxaHuWe rofioBHOro mo3sra. Pa3sutue octpon
cocyancTon sHuedanonatum NPosABAANOCh HapacTaHEM
006LLIeHEBPONOrMYECKMX CUMITOMOB (Ha dTane KinHuYe-
CKUX HabniofgeHn) 1 KoppenmpoBano ¢ 4030/ BBOAU-
MOro npenapara. BbisiBnieHHble y Kpbic rpynn Il v Il He-
obpaTumble U3MEHEHVA HENPOHOB CTBOSIA FOJIOBHOMO

Puc. 6. Muctonorus. MormbLunii HEMpOH nNpoaoAroBaToro mosra (A),
nepudokanbHan peakuuss MUKPOrAManbHbIX anemeHToB (B). Okpacka
reMaToKCUAMHOM U 303UHOM. YBennueHue 1200.

Fig. 6. Histology. Dead medulla neuron (A), perifocal reaction of mi-
croglial elements (B). Stained with hematoxylin and eosin. Magnifica-
tion 1200.

Puc. 7. Tuctonorus. BbipaxeHHbIW 6poHxocna3m (A), 303UHOPUADI
B coCTaBe AelKouuTapHoro uHouabtpata (b). Okpacka reMaToKCUAK-
HOM Y 303MHOM. YBennueHue 480.

Fig. 7. Histology. Severe bronchospasm (A), eosinophils in the leuko-
cyte infiltrate (B). Stained with hematoxylin and eosin. Magnification
480.

MO3ra CBUAETENbCTBYIOT O Pa3BUTUM ANCTOKALMOHHOIO
CMHOPOMA, YTO MOXHO paccMaTpmBaTb Kak OCHOBHYIO
NPUUYUHY TMOENM SKCMepPUMEHTANbHbIX KMBOTHbIX. [Ma-
TomMopdonornyeckas OLEeHKa Nerkrx BbisiBMIA pacnpo-
CTPaHEeHHbII BPOHXOCMAa3M C runepcekpeunen cnmsu,
Bblpa)KEHHOCTb KOTOPOro HapacTana C YyBelnyeHuem
[03bl npenapaTa. B couetaHun ¢ 303MHOGUNBHON WUH-
dunbTpaumen cTeHOK 6POHXOB GOPMUPYETCA KapThHa
OCTpOW annepruyeckon peakuuu. MNosbllLeHHaa NPOHU-
LLlAeMOCTb COCYAUCTON CTEHKM CTana NpuymHor ¢opmmpo-
BaHUA HaNIOXXeHUN 13 GrOPMHA Ha BHYTPEHHEN MOBEpPX-
HOCTV anbBeos U MeNKMX 6POHXOB (MO TVMY MMaNUHOBbIX
MeMbpaH). o COBOKYMHOCTU OMWCAHHbIX W3MEHEHWI
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MOXHO CieflaTb BbIBOJ O Pa3BUTMM OCTPOro pecnupa-
TOPHOrO AWNCTPECC-CMHAPOMA, VIMELWero onpeneneH-
Hoe 3HaueHue B TaHaToreHese. O6paTIMble N3MEHEHUS
B MUOKapge BepoATHee BCEro ABMAIOTCA Pe3ysbTaToM
BO3[ENCTBUA apuUTMOreHHoro ¢aktopa, dopmupyioLie-
roca npu BBegeHuun nccnegyemoro ®C. OnucaHHbie Mop-
donornyeckne N3MeHeHus B NeYeHu, Novkax 1 cesneseH-
Ke Y OMbITHBIX >KUBOTHbIX ABNATCA CTEPEOTUMHBIMU NPU
WNHTOKCMKALUWN Pa3fINYyHOro reHesa.

3aknoyeHue

1. TNpepBaputenbHbim 3HaueHviem J1, - ana nccnepye-
MOFO MOHOKaTMOHHOIO X/TIOpUHa (coepuHerue |) mo-
KeT cumTatbes BenuumnHa 100 mr/kr macchl Tena. OHa
noyTy B [1Ba pa3a 6osiblue, YeM y UCMOSb3yeMbIX B Kin-
HUYECKON NpakTuKe aHMOHHbIX OC, 0gHAKO C TOKCU-
KOMOTMYeCcKoN TOUKW 3peHus BMOMHE npuemnema
ANA NPOLOMKEHNA AOKIMHUYECKMX UCCNefoBaHun,
nockosbky npu nposegeHun OAT nosa BBOAMMOro
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Pe3iome

MpeacTaBneHo KNMHMYECKoe HabslofeHie YCNELHOrO BbINOIHEHNA NepPOopPasibHON BHYTPUMPOCBETHO Jla3epPHOM IMTOTPUMNCUN C NOCNeAyoLLei
JIUTOSKCTPAKLMEN KPYMHOTO KOHKPEeMeHTa O6LLEero *en4yHoro NpoToKa y nauneHTKN C XONe[0X0IMTA30M U MeXaHNYecKol xenTyxoi. ina npo-
Be[leHVA BHYTPUNPOTOKOBOW IMTOTPUMCUM NCMONb30Banu TyNNeBbIN nasep «Yponas» B ciefylowmx pexnmax: sHeprua — 0,025-0,05-0,1 [Ix, mak-
cumym o 0,5 . CpefHas mowHOCTb 6-10 BT. JlazepHoe BO3AencTBre NPOBOAWIV UMMYNIbCaMn B BOGHON Cpefe C Lieniblo NPodunakTukmy Kap-
6OHM3aLMM BOTIOKHa CBETOBOAA 11 3aAbiMiieHNA. DPPEKT BO3ANCTBUA Ha KOHKPEMEHT NPOABANCA B ero ¢pparmeHTaumm 1 obpasoBaHUM MeSIKNX
YacTuy 6e3 noBpexaeHnA CNM3NCTON 06010UKK 0bLLero »enyHoro npotoka. ObLan NPOAOCIKUTENBHOCTL BMeLLaTeNlbCTBa cocTaBuna 45 MyH.
MeTop aBnseTcs 3¢pdeKTBHbIM 1 6e30MacHbIM, MO3BONAET U36exaTb HEOOXOANMOCTY BbINOMHEHUA SHAOCKOMNYECKON NanunnochrHKTEPOTOMIMN
1 HapyLLeHNA aHaTOMUYECKON LIeNIOCTHOCTU 1 pr3ronornyeckon pyHkumnm corHktepa Opau.

KnioueBble cnoBa: xonejoxonnTmnas, nanuiiocGruHKTepoTomus, parmeHTaLma KOHKPEMEHTa, SHAOCKONMYeCcKas la3epHas IMTOTPUNCUs, obLmin
MKENYHbIV NPOTOK.

IAna untnpoBaHua: Vearos 10.B., CazoHos [.B., CmupHos A.B., MamowwuH A.B., bapaHoB A.B., NMaHueHkoB [1.H. BO3MOXHOCTU NprMeHeHuns ne-
popasibHON BHYTPUMPOCBETHOW Na3epHO NMUTOTPUMNCHAN NMPW KPYMHOM KOHKpEMeHTe O6LLEro XeyHoro npoToka (KnnHnyeckoe HabnoaeHue) //
Biomedical Photonics. - 2022. - T. 11, N2 2. - C. 33-38. doi: 10.24931/2413-9432-2022-11-2-33-38.
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LITHOTRIPSY FOR A LARGE CALCULUS OF THE COMMON
BILE DUCT (CLINICAL REPORT)
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t0.B. BaHos, [1.B. CazoHoB, A.B. CmupHos, A.B. MamowunH, A.B. bapaHos, [1.H. MaH4eHkoB
Bo3moXHOCTH NPpUMEHEHMs nepopanbHOi BHYTPUNPOCBETHOI 1a3epHON NUTOTPUNCHN NPU KPYNHOM KOHKPEMEHTE 06wero

XEJYHOro NPoToKa (KNMHUYECKoe HabnoaeHue)

Abstract

There is a clinical report of successful oral intraluminal laser lithotripsy with subsequent lithoextraction of a large concretion of the common
bile duct in a patient with choledocholithiasis and mechanical jaundice. For the intraluminar lithotripsy a tulium laser «Urolaz» was used
with energy modes 0,025-0,05-0,1 J, up to a maximum of 0.5 J. The average power is 6-10 W. Laser exposure was carried out by pulses in an
aqueous medium in order to prevent carbonation of the light guide and smoke. The effect of exposure to the concretion was manifested in
its fragmentation and the formation of small particles without damage of the mucous membrane of the common bile duct. The total dura-
tion of the intervention was 45 minutes. The method is effective and safe, thus it avoids the need of endoscopic papillosphincterotomy and
violation of the anatomical integrity and physiological function of the Oddi sphincter.

Key words: choledocholytiasis, papillosphincterotomy, fragmentation of concretion, endoscopic laser lithotripsy, common bile duct.

For citations: Ivanov Y.V, Sazonov D.V., Smirnov A.V., Mamoshin A.V., Baranov A.V., Panchenkov D.N. Opportunities of using oral intraluminal
laser lithotripsy for a large calculus of the common bile duct (clinical report), Biomedical Photonics, 2022, vol. 11, no. 2, pp. 33-38 (in Russian).

doi: 10.24931/2413-9432-2022-11-2-33-38.

Contacts: Ivanov Y.V, e-mail: ivanovkb83@yandex.ru

BBepeHune

OpHUM M3 Hambomnee YacTbiX OCIIOKHEHUN >KeNYHOKa-
MeHHoWn 6one3Hn (KKB) cumTtaeTtcsa xonegoxonmtmas —
HanMuMe KOHKPEMEHTOB B OOLLEM >KENYHOM MPOTOKeE.
Y 10-25% naumneHToB ¢ KB KOHKpemeHTbl BbIABMAIOTCA
He TOJIbKO B XeJTYHOM My3bIpe, HO 1 B OOLLEM XKENYHOM
npotoke [1, 2]. Yem gnutenbHee aHaMHe3 3ab0neBaHUA
"KKB, Tem 60orblue pUCK BO3HMKHOBEHNA XOreoXonuTma-
3a. Hannume KOHKpeMeHTOB B 06LLEeM XXeNYHOM NPOTOKe
Ha GOHe UMEIOLLErOCA XONEUNCTONTNA3a UK 6e3 Hero,
nepeHeCceHHON paHee XONeLUCTIKTOMUN MOXET Bbi3BaTb
MEXAHNYECKYIO XeNTyXy UM XONIAHTUT, YTO Camo Mo cebe
ABNAETCA HebnaronpuATHbIM dakTopom TeueHusA 3abo-
neBaHus. O6HapyeHHble KOHKPEMEHTbI B 06LLEeM »Kenu-
HOM MPOTOKe NognexaTt 0b6a3aTeNlbHOMY yAaneHno BHe
3aBUCUMOCTM OT UX HANIMUUA U OTCYTCTBUA B XKEJTYHOM
nysblpe M3-3a pPUCKa Pa3BUTMA TPO3HbIX OCIIOXKHEHUN:
MEXAaHNYECKOW XKeNTyXU, XONAHITa, OCTPOro bunmapHo-
ro naHkpeatuTa [3].

KnnHnueckasa kapTuHa xonefoxonuMtuasa JOoCTaTou-
HO BapuabenbHa 1 3aBUCUT OT MHOMMX HAKTOPOB: pas-
Mepa U KONMYecTBa KOHKPEMEHTOB, YPOBHA U CTEMEHN
6510Kafbl OOLLEro XXeNYHOro NPOTOKa, Tonorpaduyeckon
aHAaTOMUU U CTPOEHNA TEPMUHANIBHOIO OThena obuiero
XKeJTYHOro NPOTOKA 1 aMnysibl 60JIbLLIOTO AyOAEeHaIbHOrO
cocouka (BAC), conyTcTByOWMX 3ab0N€BaHMI OPraHoB
naHKpeaToayofeHasbHOWM 30Hbl.

B KnuMHMueckom NpakTnke MOXHO BCTPETUTb Ceayto-
Wme BapuaHTbl NPOABMIEHNA XOnefoxonvTuasa: a) na-
TEHTHbIW, XapaKTepusyeTca OTCYTCTBMEM KIUHUYECKOW
KapTvHbl 3a00fieBaHMA U BbISIBMAETCA TONbKO Mpu 06-
cnefoBaHUK NaLyeHTa; 6) ¢ NnonHon 6rnokagol obuiero
enuHoro npotoka go amnynbl BAC, npoaBnaeTca npor-
peccupylollen MexaHNYeCKON XeNnTyxon C XONaHrnToM
nnu 6e3 Hero; B) C MOJIHON 6OKaAoM O6LLEero *enyHo-
ro npoToka Ha yposHe amnynbl BC, conpoBoxpaetca
NporpeccnpyoLen MexaHN4yeckom »KenTyxom 1 oCTpbiM
NaHKPEeaTUTOM; ) C BEHTWU/IbHbIM (MOABMMHbBIM) KOHKpe-
MEHTOM U CTEHO3MPYIOLWNM NanuiuTOM, XapaKTepHbI
nepuoanyeckne 6eccucTeMHble BCMbIWKA MeXaHuue-

CKOWM KeNnTyXM W XONaHrUTa; A) XONnefoXO-KULIEeYHbIN
CBULL, C KNTMHNYECKOW KapTMHOWM XonaHruTa [2].

Bce cyulectByowme meToabl yaaneHna KOHKPEeMEeH-
TOB 113 OOLLErO eYHOro NPOTOKa YCIIOBHO MOXHO pas-
OenuTb Ha NATb 6onblmx rpynn: 1) OTKpbITble onepauun
(nanapoToMHble, MUHM JOCTYMbI); 2) NanapocKonuyeckne
onepauuy; 3) YpeckoXKHO-YpecrneyeHouHble (aHTerpag-
Hble) MaJIoVIHBa3MBHbIe BMELIATENbCTBA; 4) SHAOCKONU-
yeckme (peTporpagHble) onepaTtuBHble Nocobus; 5) rmo-
puaHble onepauun, coyeTaloLme HEeCKONbKO MeTO[O0B
NUTO3KCTPakumn. NMprmMeHeHre TOro UM MHOro mMeToaa
NIMTO3KCTPAKLUMN 3aBUCUT B MEPBYI0 oyepefb OT TeXHU-
YecKol OCHALLEeHHOCTV CTauuoHapa, Keanudbukauuu
Bpayen, 0COOEHHOCTEN KIIMHUYECKON KAPTUHBI 1 Teye-
HUA 3aboneBaHus.

YCTaHOBNEHO, YTO B COBPEMEHHbIX YCJIOBUAX OMNTU-
MaJsibHbIM COCOOOM pa3peLleHUs XONeaoXonmTasa ABs-
€TCA SHAOCKOMNYECKNI MeTop, a «30/10TbIM CTaHOAPTOM»
METOAMKN MpU3HaHa SHOOCKOMMYeCKas peTporpagHas
XonaHruonaHkpeatorpadpus (3PXMI) n nutosKcTpakuymsa
C NpefBapuUTENbHON SHAOCKOMNNYECKON NanunioTommen/
nanunnocpuHkTepotommein (AMNCT) unu 6e3 Hee [4].

DHOOCKOMNYECKYIO IMTOIKCTPaKLMIO BbIMOHAIOT C MO-
MOLLbK SHAOCKOMMYECKONW 3axBaTblBalOWEN KOP3UHbI
Hopmua, npeactaBneHHON Ha MeANLMHCKOM PbIHKe K-
POKMM aCCOPTMMEHTOM B BMAE MHOrOPasoBbIX N OfHO-
Pa3oBbIX UHCTPYMEHTOB PasfiMyHON GOpMbl, pa3mepoB
n xkectkocT. CnegyeT OTMETUTb, YTO HEOOXOAMMbBIMU YC-
NIOBUAMM ONA YCNELHOro U3BJIeYeHUA KOHKPEMEHTa 13
06LLero XenyHoOro NPoToKa ABNATCA 4OCTaTOYHbIV Ana-
MeTp TepMrHanbHoro otgena xonepoxa v bAC, a Takxe
BO3MOXKHOCTb 3aBefeHMA Kop3uHbl Jopmmna 3a KOHKpe-
MEHT /1A ee MOJIHOrO PACcKPbITUA U HAAEXHOro 3axBarTa.
Mpu HebonblUMX KOHKPeMeHTax, He 6onee 1 cm, NpoLe-
aypa BbinonHeHua IPXIL, SMNCT n ANTO3KCTpaKkuum npu
[OCTaTOYHOM OMbITEé BPaya-dHAOCKOMMUCTa U TUMNYHOM
Tonorpado-aHaTomuyeckom ctpoeHmmn BAC obblyHO He
BbI3blBaeT TEXHUYECKUX TpyaHocTen 1 B 92-96% cnyya-
eB no3BosifeT 3GpHEKTMBHO YCTPAHNUTb XONEeOX0NnTHa3
[4]. Hanbonblune TpygHOCTU BO3HUKAIOT NMpuU 6OnbLUMX
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N KPYMHbIX KOHKPEMEHTaxX B OOLLEM eTYHOM MPOTOKe.
B 6onbluMHCTBE C/lyyaeB HeyfauHble MOMbITKU U3BJe-
YeHNA KPYMHbIX KOHKPEMEHTOB M3 OOLLEro enyHoro
NPOTOKa 3aKaHUYMBAKTCA NMepexofoM Ha ApPYron MeToq
NINTO3KCTPaKumMM (OTKpbITad WAM nanapockonmyeckas
onepauus). B HeKOTOpbIX cnyyasx 3SHAOCKOMUYECKNN
METOZ NIMTOIKCTPAKLMM MOXKET NPUBOAUTb K pAay cne-
undrYECKUX OCNIOKHEHMI: KpoBoTeueHuto nocne JMCT,
NOCTMAHUMYNALMOHHOMY OCTPOMY MaHKpeaTuTy, yLiem-
NEHNIO KOP3WHbI [JopMura B TepMUHANbHOM OTAeNe Xone-
noxa vnu BAC, nepdopaumm CTeHKN 0OLLErO KENYHOIO
npoToka, nepdopaumm CTeHKN [ABEeHaAuaTUnepCcTHOM
KULLKN.

[loMMMO OnMMCaHHOM METOAVKN BHYTPUMPOTOKOBOM
MEXaHNYECKOW NTMTOTPUNCAN B KIIMHNYECKON NpaKTuKe
C Pa3NYHbIM YCMEXOM WCMOJIb3YIOT OanIoHHY Anna-
Tauuo obnactv npeaBapuTeNbHO nposegeHHon SMCT
C nocnegytowen INTOIKCTPaKUMEN Unn AUCTaHLNOHHYIO
YAAPHO-BOTHOBYIO JINTOTPUMCUIO C MOCNEAYIOWMM SH-
[OCKOMMYECKUM yhaneHnem ¢GparmeHTOB KOHKpPEMEH-
TOB. D) EKTUBHOCTb NMEPEUNCTIEHHBIX METOLOB JIeUEHMS
xonefoxonmTiasa 3amMeTHO ycTynaeT metogy SPXIT,
SMNCT n mexaHN4YeCcKon NUTOIKCTPAKLMK. JnCTaHLMOH-
HaA y#apHO-BOMHOBasA NINTOTPUMNCUA BBUAY CBOEN Ma-
non 3¢p$eKTMBHOCTM U GONbLIOM PUCKE BO3HVKHOBEHNA
OCTPOro xoneunctTuta 60bLIMHCTBOM XUPYProB He pac-
CMaTpUBAETCA B KaYeCTBE CaMOCTOATENIbHOIO MeTOAa Ne-
YyeHUsA xonefoxonnTnasa.

B nocnepHue roabl pag 3apyOexXHbIX aBTOPOB PeKo-
MEHAYIOT NP KPYMHbIX KOHKPEMEHTaX OOLLEro KenyHo-
ro NpoTOKa NMPUMEHATb 3NEeKTPOrMApPaBANYECKY0 UK
nasepHyto nutotpuncuio [5, 6]. Metognka nepopanbHON
TPAHCNANWIAPHOWN XOMAaHIMOCKONUK 1 nocnegytoLen
BHYTPUNPOTOKOBOW fla3epHON NUTOTPUMNCUN MO3BONA-
€T pa3pyLnTb KOHKPEMEHTbI Ha MeJIK/e YacTu B obLem
XKeJTYHOM MpOoToKe 6e3 NoBpeXAEHNA ero CTEHOK, a 3a-
TeM YAanuTb UX C MOMOLLbIO KOP3UHbI [lopMua.

YunTbiBasi HEMHOTOUMCIIEHHbIE 3apybexHble ny6nu-
Kauuu 1 eViHUYHbIE COOBLLEHUsI B PYCCKOA3bIYHOM Me-
OVUMHCKOW nuTepatype, MOCBALLEHHbIE BbINOHEHNIO
SHOOCKOMNUYECKOW fla3epHOn NUTOTPUNCAN NpU Xone-
[IOXONUTMA3e, Mbl COUNIN BO3MOXXHbIM NpPeACcTaBuTb COO-
CTBEHHOE KIIMHMYeCKoe HabnoaeHve.

KnuHnyeckoe HabnwopgeHne

MayweHTKa A., 56 neT, rocnuTanM3npoBaHa B OTAeNEeHne
xupyprun Oy OHKL ®MBA Poccum 15.07.2021 B 3KCT-
pPEHHOM nopAfKe C HanpaBUTENbHbIM AMArHO30M: Mexa-
Huyeckas »xentyxa. /I3 aHamHe3a n3BectHo, yto B 2017 r.
nepeHecna nanapoCcKoONMUecKy XOneLucTIKTOMUI0 Mo
nosopy *KKb, xpoHnuyeckoro KasbKyne3sHoro xoneumuc-
TnTa. B TeueHne nocnegHux 6 mec oo rocnuTanmMsauumn
6ecnokonny neproguyeckre TaHylme 601 B NpaBoM
nogpebepbe nocie nNpreMa MUK, Kynupyowmecs cras-
Monutuyeckmmmn npenapatamm. C 3.07.2021 3ameTtuna

WNKTEPUYHOCTb CKIlep 1 KOXHbIX MOKPOBOB, ¢ 8.07.2021 -
TEMHbIV LiBET MOUM 1 obecLiBeUeHHbIN Kan. B cBA3n ¢ Ha-
pacTaloLLel XenTyxom 1 yxyaLweHnem obLLero CoOCTOAHNA
nauMeHTKa HanpaBfieHa Ha rocnuUTanM3aumio B CTaumo-
Hap Ansa o6cnefoBaHUs 1 JleueHus.

Mpy nocTynneHnn obLuee COCTOSHNE CPERHEN Taxe-
CTW. KOXKHble MOKPOBbI C BblPaXeHHbIM eNTYLHbIM OT-
TEHKOM U CfleJlaMWN PacUYeCcoB, KNMHNYECKOW KapTWHbI XO-
NAHTTa U OCTPOro BUIMAPHOTO MaHKpeaTnUTa HeT. ApTe-
puanbHoe faenervie 130/75 MM.PT.CT,, NynbC 78 ya/MUH.
’KMBOT He B3ayT, MArKUiA, yMepeHHO 060N1e3HeHHbIN B Npa-
BOM nogpebepbe 1 Me30racTpum, CUMNTOMOB pasapa-
XeHusa OprowrHbl HeT. MepuctanbTrika BbIC/YLLIMBAETCS,
nanbnaTopHO HOBOOOPa3oBaHWI B OPIOLWIHOM MOMOCTU
He BbIAABNEHO, acLuMTa HeT. MoyencnyckaHue He HapyLue-
HO, MOYa TeMHO Gyporo LBeTa, NPU pPeKTaJibHOM Mccrie-
[OBaHUN criefbl CBETIONO Kana.

AHanusbl Kposw ot 15.07.2021 Ha renatuTbl B n C otpu-
uaTenbHbl. Broxmmmyecknin aHanms Kposu ot 15.07.2021:
o6wmi 6enok 70 r/n, MoueBrHa 4,7 MMONb/N, KPEAaTUHWNH
96 MKMonb/n, 6unupy6mH 06wKii 420 MKMOIb/N (MPAMON
378 mKMonb/n, HenpAmon 49 MKMONb/n), NaHKpeaTnye-
CKafA amunasa Kposu 26 Eg/n, rtokosa 3,92 mmonb/n, ACT
390 En/n, ANTT 320 En/n, LL® 460 En/n, C-peakTuBHbIN Ge-
nok 1,6 mr/n. KnuHnyeckuin aHanns moum ot 15.07.2021:
LBET TEMHO-KOPUYHEBbLIN, OTHOCUTENbHAsA MJIOTHOCTb
1,39 r/mn, pH 6,5, ypobunuHownapl 2,8 MKMonb/n, bunupy-
6UH 18,5 MKMonb/n. MokasaTenn o6LLEero aHanm3sa KpoBsu,
remMmocTasnorpammbl B npefenax HopMasbHbIX BETNYMH.

MauneHTKe ObLIM BbINOJIHEHbI HEOOXOAMMbIE WH-
CTpyMeHTanbHble unccneposaHua. KM ot 15.07.2021:
cuHycoBbIi put™, YCC 76 ya/muH, S0C pe3ko OTKNOHe-
Ha BneBo, 6rokaga nepefHe BETBU NIEBOW HOXKM Myy-
Ka Micca. PeHTreHorpadua opraHoB rpyaHOM KNeTKy OT
15.07.2021: 6e3 natonoruu. 3aknoyeHne Y3 opraHos
OPIOLLIHON MONOCTY U 3aOPIOLLIMHHOIO MPOCTPAHCTBA OT
15.07.2021: xonepgoxonutnas (OANHOYHBIN KOHKPEMEHT
20 MM TEePMMHANBHOIO OTAeNa OOLEro »KenyHoro npo-
TOKa), MPV3HaKM brnmnapHom rmnepTeH3nm (paclmpeHve
BHYTPUMEUYEHOUHbIX eJTYHbIX MPOTOKOB 10 5-7 MM, 06-
LLLEro XenyHoro NpoToKka o 21 Mm).

B cpouHom nopsiake 6onbHo 16.07.2021 nop BHYT-
PVBEHHbIM HApPKO30M BbIMOMHEHA FaCcTPOAYOAEHOCKO-
nua (ayogeHockon JF-Q150, Olympus), KaHionsauus o06-
LLero »enyHoro npoToka. C Lenblo MUHUMM3AUUK prUcka
BUMPCyHrorpadrm 1 nocneonepalyoHHOro NaHKpeaTuTa,
NpefBapUTENbHOIO KOHTPACTUPOBAHNA NMPOTOKOBbIX CUC-
Tem 13 ycTba BC aBeHaaUaTMNEPCTHON KULIKA He Npo-
BOAWIM N OPUEHTUPOBANINCE HA MOJSIOXKEHNE PEHTreH-
KOHTPACTHOro NPOBOAHKKA NpW peHTreHockonuu. MNocne
NoaTBEPKAEHNS HAXOXAEHUS MPOBOAHUKA B obLEM
ENYHOM MPOTOKE BbINOJIHEHA MNANWINOTOMUA MNPOTA-
XEHHOCTbIO 5 MM, [0 YPOBHA 1-11 MONepeyHon CKnagkuy,
6annoHHan AunaTaums yCTbsA OOLLEro »KenyHoro npoToka
6annoHamy QBD-10x3 (Wilson-Cook) go 10 mm. Mpwn He-

KITMHNYECKWNE HABJIIOOEHY

BIOMEDICAL PHOTONICS T.11, Ne2/2022

35



=
AN
I
Ll
=
Q
=
a)
<
I
Ll
AN
N
O
Ll
T
AN
T
X
=
A4

t0.B. BaHos, [1.B. CazoHoB, A.B. CmupHos, A.B. MamowunH, A.B. bapaHos, [1.H. MaH4eHkoB
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OAHOKPATHbIX MOMbITKaX N3BfleYb KOHKPEMEHT He yaaeTca
B CBA3M C HEBO3MOXKHOCTbIO MPOBECTU JINTOIKCTPAKTOP
BbllLe KOHKPEeMEeHTa 1 HEMOJIHbIM €r0 OXBAaTOM KOP3UHOWN
[opmna. PelieHO BbINOMHWUTDL MepopanbHYK XONaHro-
CKOMMUIO, NIa3epHOEe BHYTPUMPOTOKOBOE APOOSIEHNE KOHK-
pemeHTa C nocsieyioLen ero NTO3KCTPaKLmen.

MNocne 3ameHbl fyofeHOCKOMNa Ha yNbTPATOHKNI racT-
pockon Olympus GIF-N180 ¢ HapyXHbiM AMamMeTpoMm
4,9 MM, NocnefHUIA NPoBedeH B ABEHAAUAaTUNEPCTHYIO
KULIKY, Janee B TEPMUHAsbHbIA OTAeN OOLEero »eny-
HOro NMPOTOKa. B ¢BA3M C BbICOKOW 3M1aCTUYHOCTBIO STON
mMozenu npubopa, ANA CO3JaHWA XKeCTKOCTM UCMOoJb-
30Bann HUTMHOJOBYIO CTPYHY-MPOBOAHUK AMAaMeTPOM
0,035“/0,89 MM, BBOAVMMYIO B MHCTPYMEHTAsNbHbIN KaHan
3HOOCKOoNA.

MNocne 3Tana XxonaHrMoCKONun 1 BU3yann3aunm KOHK-
pemeHTa MPOBOAHVK ydaneH M3 NpocBeTa 3HAO0CKOnMa,
0o6LWMIA XeNnuHbI NPOTOK 6e3 AaBneHUsi 3anofHeH ¢u-
310I0rNYeCcKn PacTBOPOM HaTpuA xjopupa C noche-
aylollen ero acnupauuen (puc. 1). 9T0T maHeBp B page
CnyyaeB MO3BOJMAET «HU3BOAUTb» KOHKPEMEHT Hemnoc-
pedcTBEHHO K KOHUMKY 3HAOCKOMA, PAaCnoOfioKEHHOro
B OOLLEM KeJTYUHOM NMPOTOKE.

[na nasepHoW NUTOTPUMNCUN UCNONb30BaNN nasep-
HOEe ONTUYEeCKOe BONMOKHO TonwmHom 200 mkm 1 400 MKMm,
KOTOpOe MNpOBOAWAN MEPBOHAYaNIbHO B Te(OHOBBIN
Katetep gnuHonm 1,5 m, gnametpom 1,5 MM, npegHasHa-

XENYHoro NPoToKa (KNMHUYECKOe HabniofeHue)

UEHHbIVI AN WCMONb30BaHUA C WHCTPYMEHTANIbHbIMU
KaHanamu sHgockonoB o 2,0 mm. Katetep mmen po-
MONHUTENIbHBIN MOPT ANA Mogaun Xugkoctu. Mcnonb-
30BaHMe NOLOOHON KOHCTPYKLUUM MO3BOJIAET 3aWUTUTDL
WHCTPYMEHTasbHbIA KaHan SHAOCKOMa OT MOBpeXAeHUs
ONTUYECKMM NTa3epHbIM BOSIOKHOM, a TakXe CaMO BOJOK-
HO OT 3a/10MOB, ieflaeT 6osee ynpaBiaeMbIM NOMOXKeHNe
Na3zepHOro BONMOKHa B MPOCBETE KeJTYHbIX MPOTOKOB.

MNMocne npoBefeHMA KaTeTepa Yepes NMHCTPYMEHTaslb-
HbI KaHas SHOOCKOMA OCYLEeCTBAAAN nodavy XUaKoCTh
B MPOCBET OOLLEro »KeMYHOro MpPOTOKa, ONTUYECKoe BO-
NTOKHO BbIBOAWM Ha 5 MM U3 NpocBeTa TedIOHOBOrO KaTe-
Tepa 1 NOABOAWIN €r0 HEMOCPEACTBEHHO K KOHKPEMEHTY.

[na npoBegeHnAa BHYTPUNPOTOKOBOW NUTOTPUMCUN
NCnonb30oBany TyNmneBbIn nasep «Yponas» B CnefyoLmx
pexunmax: HacTpomnka sHeprum — 0,025-0,05-0,1 [, mak-
cumym go 0,5 k. CpepgHAa mowHocTb 6-10 BT. Cnegyet
OTMETUTb, YeM BbIlle CPEefHAA MOLHOCTb, TeM 6osb-
we 3ddeKT fpPobneHNa 1 Harpes XMAKOCTU. Yem Bbile
3Heprua B nMmnynbce, Tem 6osblie 3¢pdekT apobneHus,
HO NpPU 3TOM YBEINUMBAETCA U PUCK NOBPEXKAEHNA CTEH-
KU OOLLErO »KENYHOro NPOTOKa NPU NPAMOM MonagaHum
Ha Hee Na3epHOro nmnysnbca.

JlazepHoe BO34eNCTBME MNPOBOAVAN UMMYSIbCaMU
B BOAHOW cpefe C Luenblo NpodpunakTiki KapboHnsaumm
BOJIOKHA CBETOBOZA W 3agpimneHus. DddekT Bo3gen-
CTBUA Ha KOHKPEMEHT MpOosBAANCA B ero ¢parmeHTa-

Puc. 1. 3tan XOAaHrMOCKONUU U BU3yaAU3aLUK KOHKpeMeHTa B 06-
LLLeM XKEAYHOM NPOTOKe: 1 - KOHLEBas YacTb Aa3€pPHOro ONTUYECKOTO
BOAOKHA; 2 = KOHKPEMEHT.

Fig. 1. Cholangioscopy and visualization of the concretion in the com-
mon bile duct: 1 - the end part of the laser optic fiber; 2 - concretion.

Puc. 2. 3tan Aa3epHoN AMTOTPUNCUK: 1 - KOHLEBasa YacTb Aa3epHOro
ONTUUYECKOIO BOAOKHA; 2 — pparMeHT KOHKpEMEHTa.

Fig. 2. Stage of laser lithotripsy: 1 - end part of the laser optical fiber;
2 - a fragment of a calculus.
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XEJIYHOro NPoToKa (KNMHUYECKoe HabnaeHue)

LM 1 06pa3oBaHNM MeNIKKX YacTuy (puc. 2). MNpu 3Tom
NOBPEXAEHUA C/IM3UCTON 000JI0UKN 0BLIEro »enyHoro
NPOTOKa He OTMEYEHO, HECMOTPA Ha UMEBLLEee MeCTO CO-
CKanb3blBaHUA OMTUYECKOrO /la3ePHOro BOJIOKHA C KOHK-
pemeHTa.

OnepaTrBHOE BMeLLATENbCTBO 3aBEPLUMIOCH BblMbl-
BaHMEM U M3BNieYeHreM GpParMeHTOB KOHKPEMEHTa Kop-
3uHom Jopmua. O6Las NPoOMKUTENBHOCTb BMELLATE Nb-
CTBa cocTtaBuia 45 MuH.

TeyeHrie nocneonepaLioHHOro Neproa rnagKkoe, 6es
ocnoxHeHun. MayreHTKa BbiNucaHa ¢ peKomeHAaunamm
13 cTaymoHapa 22.07.2021 B yooBneTBOpUTENIbHOM COC-
TOAHWY Nof HabJoAeHe XUpypra Nno MecTy XXUTenbCTBa.
O6wwmin GMNNPYOUH Ha AeHb BbINUCKM 62 MKMOIb/N (nps-
Mom 41 mKmonb/n, Henpamoi 21 mkmonb/n), ACT 80 Ea/n,
ANT 65 Ea/n, LL® 180 Ea/n.

O6cyxpeHne

B nocnepHve rogpl 3a py6eKom npyi HEBO3MOXHOCTU Bbl-
NOJSIHEHNA MEeXaHUYeCKON NMUTOTPUMNCUM N NINTOIKCTPAK-
UMM 13 OOLLEro >KeNYHOro MPOTOKA MpU XONefoXonu-
Thase CTanv NPUMEHATb METOAUKU SHAOCKOMUYECKOro
Na3epHOro UM 3NeKTPOruapaBaMyeckoro paspyLueHums
KPYMHbIX KOHKPEMEHTOB C MOCNeayoLen caHauuen npo-
TOKa 1 u3BfevYeHnem GparmeHTOB Kop3uHon [opmua.
ObdeKTUBHOCTL  NTA3ePHON  NIUTOTPUNCHAN  HECKOJTbKO
Bbllle 3neKTporngpasnnyeckon: 99% n 96,7% cooTtseT-
CTBEHHO [5, 6].

BnepBble ncnonb3oBaHue nasepHbIX TEXHONOMMI Ha-
yanocb 6onee 23 neT Hasaf B yponorim Npu yponumtmase,
a 3aTeM M B YeNIOCTHO-NINLIEBON XUPYPrm Npu Canonu-
Tnase. B ocHoBe MexaHM3Ma pa3pyLleHUsA KOHKPEMEHTOB
UMnynbcamy CBOHOOAHOW reHepauum 3TUX JTa3epoB Jie-
XUT 3 dEKT B3PbIBHOW Banopr3aLumn KOHKPEMEHTa, YTO
NPUBOANT K ero 6eCKOHTPONIbHOMY PasfioMy Ha MeJfikune
dparmeHTsl [7, 8].

[onroe BpemsA OCHOBHbIM BapWaHTOM BHYTPMUMPO-
TOKOBOW J1Ta3epHON NUTOTPUNCUN ObINIO NCMONb30BaHNe
ronbMneBoro nasepa. B 2013-2015 rr. ctanv noABnATb-
CA nepBble Ny6AMKaLMy 0 BO3MOXKHOCTSIX HOBOTO Brfa
nasepa, B OCHOBE [ieICTBMA KOTOPOro HaXxoAATCA WNOHDI
pefnkosemenbHOro metanna Tynua (N2 69), KoTopbil, Kak
v ronbMuii (N2 67), oTHOCUTCA K naHTaHoupaam [9-12]. Opn-
HaKo TyNeBble Nla3epbl MMeIT 6osiee BbICOKYHO CTeneHb
NOrNOLEHUA NX U3MTyYeHNA BOAOWN MO CPAaBHEHMIO C FOJb-
MreBbIMU. B oTeuyecTBEHHON MeANUMHCKOW nutepaTtype
UMeIoTCA NNb eAuHNYHbIe cBefleHnsA 06 1crnonb3oBa-
HUW Nla3epHbIX TEXHONOMMIA NPU X0NeOoX0NunTMase, nos-
TOMY MHOrMe BOMPOChI NX TEXHUYECKOrO BbIMOMHEHMA,
MoKa3aHusA 1 NPOTMBOMOKa3aHus, BbIOOP ONTUMAnbHbIX
paboumnx pexxMmoB 6e30MacHOro BO34eNCTBYA Ha XKeny-
Hble NPOTOKM elue TpebyioT fanbHenLwero nyyenus [3, 9].

Haw nepBbi OMNbIT KINHNYECKOTO NPUMEHEHNA Me-
TOONKM MepopanbHON BHYTPUNPOCBETHOW fna3epHOu
NITOTPUMNCUW KPYNMHOFO KOHKPEMeHTa OOLLero »enyHo-

ro NPoTOKa C NOMOLLbo GUOPOBONOKOHHOIO TYNIMEBOTO
nasepa 3aBepLmnica NosiHbIM ycrnexom. Bcero B KnuHuke
YCMeLIHO BbIMNOSHEHbI 3 MOAOGHbIX ONepaTUBHbIX BMELLa-
TenbCTBa Npuv xonegoxonutmase (1 KNMHUYECKWI cyyan,
npeacTaBieHHbIN Bbllle, 1 2 HabNOAeHUsA Npu OCTPOM
KanbKy/Ie3HOM XONeLuCTUTe, OCIIOKHEHHOM XONefoX0-
NINTNA30M U XONAHTUTOM).

DHAoCKOoNMYeckaa NnasepHasa NIMTOTPUNCUA KOHKpe-
MEHTOB OOLLEro *KeNYyHOro NPoToKa C NocsiesyLen nu-
TO3KCTPaKLMeN NO3BONAET NPY HEBO3MOXKHOCTM BbIMOJ-
HeHua TpaguumoHHon SPXIIN, SMNCT n NMTO3KCTPaKLum
He mpuberatb K OTKPbITON (lanapOTOMHON) onepauuu
UM K NanapoCKONMyecKom XonefoXoTOMUN 1 yaaneHuo
KOHKPEMEHTOB, KOTOpasA MOXeT OKa3aTbCA TEXHUYECKNU
CNOKHbIM 1 HEe BCErAa BbIMOMHUMbIM ONepaTBHbIM BMe-
LIaTeNIbCTBOM.

MomMnmMO HeoCnoprMbIX [OCTOMHCTB MeToAMKa Tpa-
anuuoHHon IPXTIT, IMNCT n AUTOSKCTpakumm umeet
N CBOW HeJoCTaTKU. Tak, AnA U3BleUeHMA KPYMHbIX KOHK-
PEMEHTOB U3 OOLLEro XENYHOro NpoToKa Heobxoauma
UX npefBapuTeNibHas MexaHudyeckasa dparmeHTaums
n IMCT. BoinonHeHne 3MCT Ha BblCOTE MeXaHUYeCKOu
XKEenTyxu, HapyLlweHUn CBEPTbIBAIOLWEN CUCTEeMbl KPOBM
(BblicOkM ypoBeHb MHO, npuem aHTUKOArynsaHTHbIX
npenapaTtoB U Ap.) 3HAaYMTENIbHO MOBbLIWAET PUCK KPO-
BOTeUEHUA U NpeacTaBfdeT onpeaesieHHyo yrposy ans
XV13HM H6onbHOro. Hepeaku cryyan yuemneHus KOp3uHbl
Jlopmua ¢ 3axBayeHHbIM KPYMHbIM KOHKPEMEHTOM B UHT-
panaHKpeaTnYeckon YacTu obLLero »enyHoro nNpoToKa,
YTO MPVBOAUT K HEOOXOAMMOCTU BbIMOJIHEHNA Y>Ke OTK-
pbITOro onepaTMBHOrO BMeLLIATeNbCTBA AN1A U3BJIeYeHUA
MHCTPYMEHTa C KOHKpeMeHTOM. He Bcerga ynaercsa 3aBe-
CTV Kop3uHy [lopMua Bbille MecTa o6CcTpyKUmn obLyero
XeNYHOro NPOTOKa KOHKPEMEHTOM U ero 3axBarT, a upes-
MepHble 1 Trpybble MaHUMNYNALMN JIMTOIKCTPAKTOPOM
MOTYT NPUBECTU K Nepdopaunm CTeHKM npoTtoka. Kpyn-
Hble KOHKpPeMeHTbl C MJIOTHOM CTPYKTYpOW He Bcerga
MOHO PpParMeHTMPOBaTb C MOMOLLbI KOpP3UHbI [lopmura
UNn OpYrux IMTO3KCTPAKTOPOB.

Ewe ogmH oueHb BaxkHbIN dakT: IMNCT nommnmo prcka
KpoBoTeueHus, nepdopauiv 3aiHeN CTEHKN ABEHAALATU-
NMepCTHON KULLKU NMPUBOAUT K HEM36eXHON AnchyHKLUMN
cdurHkTepa Opam, a B HEKOTOPbIX CJTyYasX M K XONaHIMTaM.

MepopanbHad BHYTPUNPOCBETHAA Ja3epHasa Ju-
TOTPUMCUA MO3BOJIAET B KOPOTKME BPEMEHHbIE CPOKMU
bparmMeHTMPOBaTb KPYMHbI KOHKPEMEHT [aX<e MIIOTHOM
CTPYKTYpbI, PV 3TOM OTNafaeT HeobxoANMOCTb BbIMNOJ-
HeHuA IMNCT co Bcemy BbITEKAKLWMMM PUCKaMU ee OC-
NOXHEeHUN. ina nssneyeHms GpparMeHTOB KOHKPEMEHTA
13 00LLEero XenYHOro NPOTOKa AOCTAaTOYHO BbIMOJIHEHNA
TONbKO ManuiioToMum 6e3 paspyLlieHns CPUHKTEPHOro
annapata bAC nnu 6annoHHON aunaTaunn. PUCK BO3HUK-
HOBEHVA OCJIOKHEHNIA, TaKNX Kak KpoBOTeUeHue, nepdo-
pauua 3afHen CTeHKM ABEeHaALATUNEPCTHON KULWIKN UK
obLlero »KenyHoro mnpPOTOKa, MOCTMAHWMYMALUOHHDIN
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Bo3moXHOCTH NPpUMEHEHMs nepopanbHOi BHYTPUNPOCBETHOI 1a3epHON NUTOTPUNCHN NPU KPYNHOM KOHKPEMEHTE 06wero

NaHKpeaTuT NPW SHAOCKONUYECKOWN S1a3epHON NINTOTPUM-
CUM 3HAUYUTENBHO HUWXKE, YeM Npu TpaguumoHHom SPXTIIT,
SMCT 1 NUTO3KCTPaKUUK. YKa3aHHbIX OCJIOXHEHUN npu
BbIMNONIHEHVW METOAMKU NepopasibHON BHYTPUMNPOCBET-
HOW JTa3epHON NUTOTPUNCUN Mbl He Habnoganu.

3aknoyeHue

Takum 06pa3om, SHAOCKOMNMUYECKas fasepHas UTOTpUnN-
UM ¢ nocnepyollen NNTOIKCTPaKUmMen apnsetca 3¢-
GEKTUBHBIM 1 6€30MacHbIM MUHUMANIbHO WHBA3UBHbIM
METOZOM JIeYeHNs XONefoXonnTnasa npu KPYnHbIX Un
YLUEMJIEHHbIX KOHKPEMEHTaxX B 00LLEeM XeYHOM MPOoTo-
Ke, No3BoNseT n3bexxaTb HeoO6XOAUMOCTY BbIMOSIHEHUSA
3MNCT v HapyLleHNs aHaTOMUYECKON LIeIOCTHOCTU 1 Hu-
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XEJYHOro NPoToKa (KNMHUYECKoe HabnoaeHue)

3uonoruyeckon ¢yHKuun chuHktepa Opam. BoamoxHa
MONIHOLIEHHAnA Bu3yasibHas PeBM3UA OOLLEro enyHoro
MpPOTOKa O U MOC/e caHauumu, npouecc NUTOTPUNCUn
OCYLLEeCTBAAETCS NOJ BU3YallbHbIM KOHTPOJIEM B PEXMME
peanbHOro BpemeHW. YOaétca m3bexaTb Hexenatesib-
HbIX MOBPEXAEHU CTEHKU OOLLEro >KenYyHoro mnpoTo-
Ka 1 COKPaTUTb ASUTENIbHOCTb BMELIATENIbCTBA 3a CYET
npuLenbHOro NoABeAEHMA TOpLa JIA3ePHOro CBETOBOAA
K MOBEPXHOCTV KOHKPEMEHTa, CHU3NTb PUCK BO3HUKHO-
BeHUsi cneuunduueckux anst IPXM n MCT ocnoXHEHWUNA.
[JlaHHasA mMeToAMKa MOXET PacCMaTpUBATbCA B KayecTBe
OCHOBHOIO METOAa JIeUeHNsa XONefoXonnTnasa, Npu He-
addekTuBHocTU TpaguumoHHon IPXMN, SMNCT n nuTo3K-
cTpakumm.

REFERENCES
Gutierrez O.l,, Bekkali N.L.H., Raijman ., Sturgess R., Sejpal D.V.,
Aridi H.D. Efficacy and Safety of Digital Single-Operator Cholangio-
scopy for Difficult Biliary Stones. Clin. Gastroenterol. Hepatol, 2018,
Vol. 16(6), pp. 918-926. DOI:10.1016/j.cgh.2017.10.017.

2. Komanduri S., Thosani N., Abu Dayyeh B.K., Aslanian H.R., Enest-
vedt B.K., Manfredi M. Cholangiopancreatoscopy. Gastrointest. En-
dosc, 2016, Vol. 8(2), pp. 209-211. DOI: 10.1016/j.gie.2016.03.013.

3. Hryachkov V.V, Levchenko N.V,, Belousov V.V. Targeted contact la-
ser lithotripsy - new opportunities in the treatment of gallstone
disease. Successes of modern natural science, 2008, No. 5, pp.152-
154.

4. Buxbaum J.L.,, Abbas Fehmi S.M., Sultan S., Fishman D.S., Qum-
seya B.J,, Cortessis V.K. ASGE guideline on the role of endoscopy
in the evaluation and management of choledocholithiasis. Gas-
trointest. Endosc, 2019, Vol. 89(6), pp. 1075-1085. DOI: 10.1016/j.
gie.2018.10.001.

5. Becker B., Gross AJ. Netsch C. Ho:YaG laser lithotripsy: recent
innovations. Curr. Opin. Urol, 2019, Vol. 29(2), pp. 103-107. DOI:
10.1097/M0OU.0000000000000573.

6. Mutignani M., Dioscoridi L., Italia A., Forti E., Pugliese F., Cintolo
M. Thulium laser to manage a difficult biliary lithiasis: a first case
report. Endoscopy, 2020, Vol.52. (3). pp.112-113. DOI: 10.1055/a-
0983-8278.

7. Enikeev D.V, Glybochko PV., Okhunov Z., Alyaev Y.G., Rapoport
L.M., Tsarichenko D. Retrospective Analysis of Short-Term Out-
comes after Monopolar Versus Laser Endoscopic Enucleation of
the Prostate: A Single Center Experience. J. Endourol, 2018, Vol.
32(5), pp. 17-23.DOI: 10.1089/end.2017.0898.

8. Keller EX., Coninck V., Vinnichenko V., Chiron P, Doizi S., Guseynov
M. Thulium fiber laser for lithotripsy of large renal stones: initial
experience. J. Urology, 2019, Vol. 201(1), pp. 88. DOI: 10.1097/01.
JU.0000555081.fi7fi03 fifi.

9. Budzinsky S.A., Shapovalyants S.G., Fedorov E.D., Vorobyeva E.A.,
Svirin M.Yu., Malyarov M.G., Chernyakevich P.L., Platonova E.N.The
first experience of using a superimpulse fiber tulium laser for con-
tact destruction of stones of the common bile and main pancreatic
duct. Russian Journal of Gastroenterology, Hepatology, Coloproctol-
ogy, 2021, Vol.31(2), pp.54-64. DOI: 10.22416/1382-4376-2021-31-
2-54-64.

10. McCarty T.R,, Sobani Z., Rustagi T. Peroral pancreatoscopy with in-
traductal lithotripsy for difficult pancreatic duct stones: a system-
atic review and meta-analysis. Endosc. Int Open, 2020, Vol. 8(1), pp.
60-70. DOI: 10.1055/a-1236-3187.

11. Gao B., Bobrowski A., Lee J. A scoping review of the clinical effi-
cacy and safety of the novel thulium fiber laser: The rising star of
laser lithotripsy. Can. Urol. Assoc. J. 2021, Vol. 15(2), pp. 56-66. DOI:
10.5fi89/cuaj.680fi.

12. Kronenberg P, Traxer O.The laser of the future: reality and expecta-
tions about the new thulium fiber lasera systematic review. Transl.
Androl. Urol, 2019, N8, pp. 398-407. DOI:10.21037/tau.2019.08.01.

38

BIOMEDICAL PHOTONICS T.11, Ne2/2022



lpaBuna gna aBTopoB

MPABUITA OJ19 ABTOPOB

O6wme Tpeb6oBaHNA
K NpeAcTaBJ/ieHHbIM MaTepuanam

OTBeTCTBEHHOCTb ABTOpa

MpeacTaBneHHble B paboTe AaHHblE AOJIKHbI ObITb
opurnHanbHbiMU. He gonyckaeTca HanpaBneHue B pe-
Jakuuo paboT, KoTopble ObIM HameyaTaHbl B ApYyrux
N3JaHUAX UKW NOCNaHbl ANnA ny6nvkauum B opyrue pe-
pakuum. OTBETCTBEHHOCTb 3a NpefoCTaBeHe MaTe-
pVanoB, NOMHOCTbIO UM YaCTUYHO OMYyOSIMKOBAHHbIX
B 4PYroM neyaTHOM u3gaHunu, Hecet ABTOp.

ABTOp rapaHTMpyeT Hanuumne y Hero NCKIUYnTeb-
HbIX MpPaB Ha WCMNONb30BaHMe nepepaHHoro Pepak-
umMn matepuana. B cnyyae HapylweHuna gaHHOM rapaH-
TN N NPeabABNEHNA B CBA3M C 3TUM MPETEeH3UN K
Pepgakuynn, ABTOp CamMOCTOATENbHO M 3a CBOW CyYeT
06sA3yeTCca yperynupoBaTb BcCe npeTeH3uu. Pepak-
UMA He HeceT OTBETCTBEHHOCTW nepepn TPeTbUmu
nMUamMn 3a HapylleHne AaHHbIX ABTOPOM rapaHTuin.
3a JOCTOBEPHOCTb M NMOJIHOTY CBEAEHWUN, N3/TOMKEHHbIX
B Ny6NMKaLyaAX, a TakXe 3a TOYHOCTb MHOPMaL 1K no
uMTUpyemMon nutepaTtype, HeceT OTBETCTBEHHOCTb AB-
TOp CTaTen.

NMpoueaypa npeaocraBneHA
ctaTtbu B Pegakyuio

CraTby B pefaKkuuio XXypHana nogatoT yepes bopmy
Ha calnTe XypHana www.pdt-journal.com.

ABTOpPY, OTBETCTBEHHOMY 3a KOHTaKTbl ¢ Pepgakuum-
e, HeobXoaMO NPOWTY Ha CalTe XXypHana npoueay-
py permcrpaunn, Nocne Yero NoABAAETCA TeXHMYeCcKas
BO3MOXHOCTb HanpaBuTb CTaTblo B pefakuumio yepes
cneumanbHyo popmy.

O6wme Tpeb6oBaHNA

ABTOp, OTBETCTBEHHbIN 3@ KOHTaKTbl ¢ Pegakuven,
3arpy»<aeT CTaTbl0 Ha CalT KypHana oTaeNbHbiM dan-
nom B popmarte doc. unm docx.

MeTapaHHble HeO6XO4VMO AOMONIHATENIbHO BHECTH
B OTAE/bHYIO 3NIEKTPOHHYI0 dopmy.

TeKCT CTaTbM B MpuKpenneHHoMm daine OosKeH
6biTb HabpaH B TEKCTOBOM pepaktope Kernem 12
MyHK-TOB yepes 1,5 MHTepBana, >kenatenbHo WprdTom
Times New Roman Cyr, nepeHOC CnoB He penaetcs,
ab3auHbin otcTyn — 10 MM. Pa3mepbl nonein: BepxHee
n HuXHee — 20 mm, nesoe — 30 mm, npasoe - 20 mm.
PekomeHayembln 06beM CTaTbu, BK/OYas Tabnuubl u
nuTepatypy - B npegenax 12-15 ctpaHuy dopmata A4.
Bce cTpaHuLbl ONIXKHbI ObITb MPOHYMEPOBaAHbI.

TutynbHaA cTtpaHuya

TuTynbHas CTpaHMLA AOJIKHA COfepKaTb:

+ Ha3BaHVe CTaTby (BblpaBHMBaHMeE MO LEHTPY, 3a-
rnaBHble 6yKBbl);

« MHUUManbl 1 Gamununio Kaxkaoro aBTopa (Bblpas-
HUBaHWe NO LeHTPY);

« Ha3BaHWA OpraHM3auuii, B KOTOPbIX paboTaloT
aBTOPbI (ecnu aBTOp paboTaeT U BbIMOHAN UC-
CnefoBaHNA B HECKOJNbKMX OpraHu3auuax, »e-
naTeslbHO YKa3blBaTb Ha3BaHMWA BCEX OpraHu3a-
Lunin), ropofa 1 CTpaHbl (BbIpaBHMBAHME MO LEH-
TPY, Ha3BaHUA OpraHu3aLunii 4ONHbl ObITb faHbI
B COOTBETCTBUU C AAaHHbIMU nopTana e-library, B
Cllyyae HeCKOJIbKMX OpraHun3auun nepeps Ha3Ba-
HVeM KaX[oW YKa3blBaeTcA NOPAAKOBbLIA HOMeP
B dopmaTe BEpXHEro MHAeKca 1 nocne Gpamunum
KaXK[10ro aBTopa TaKXe BEPXHUM UHAEKCOM 060-
3HaYaeTCA ero NPUHaAANEeXHOCTb K onpepneneH-
HOW OpraHM3auun UM opraHn3aLmam);

+ pe3ioMe CTaTbyl B HECTPYKTYPUPOBAHHOM BUfE
(6e3 BblgeneHWss OTAENbHbIX pPa3fenoB) 00b-
emom 150-200 cnos;

« KJtoyeBble cnioBa (5-10 cnos);

+ KOHTaKTHYI nHdopmaLuio ans oblieHmsa yntaTe-
Nen C OTBETCTBEHHbBIM aBTOPOM A5 Ny6nunkaumnm
B cBO6OAHOM focTyne (e-mail);

+ CCbIJIKY Ha CTaTbio AN LUTVPOBAHMUS.

Bce BblWwenepeurcneHHble pasgenbl AyonupyTcs

Ha aHINIMNCKOM fA3blKe.

Pasgenbl ctatbm

OpuruHanbHble CTaTbU [AOJIKHbI COAepKaTb cCre-
Jylolie pasfenbl: BBeAeHUe, mMaTepuan 1u MeToAbl,
pe3ynbTaThl, 06CyXAeHue (nocnegHve fABa pasgena
MOryT ObiTb 06befVHeHbl), 3aknoyeHue. HasaHus
pa3fenoB [OOMXKHbl OblTb BbigeNIeHbl MOMY>KUPHbIM
wpndToMm.

O630pbl NMTEpaTypbl MOTYT ObITb HE CTPYKTYPUPO-
BaHbl.

A66peBunaTypbl

B TekcTe cnepyeT ucnonb3oBaTb TONbKO 06Le-
NpUHATbIe COKpalleHuna (abbpesuatypsl). He cnegyet
NPUMEHSTb COKpALLeHNA B Ha3BaHUW cTaTbW. [MoNHbIN
TEPMMWH, BMECTO KOTOPOro BBOAWTCS COKpaLLeHue,
cnepyeT pacwndpoBbIBaTL MNPV MEPBOM YNOMUHAHWM
ero B TeKcTe (He TpebyoT paclndpoBKM CTaHZAPTHbIE
efVHVLbl U3MEePEHVA N CUMBOJbI).

MHOOPMALNG 0114 ABTOPOB
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Ta6nuybi

Tabnuupl 1 TEKCT JOSIXKHbI JOMONHATL APYr APYra, a
He oy6nvpoBaTb.

Tabnuibl HyMepPYIOTCS B COOTBETCTBUN C MOPALKOM X
LUUTUPOBaHUsA B TeKcTe. Kaxkgaa Tabnuua fo/mKHA UMETb
KpaTKoe Ha3BaHWe 1 MEeTb CCbUIKM B TeKCTe (Hanpumep:
Tabn. 1). EgMHCTBeHHaA Tabnuua B cTaTbe He HymepyeT-
€. 3aronoBKu rpad JONIXKHbI TOYHO COOTBETCTBOBATb WX
cofepaHuio. icnonb3oBaHHble B TabnyLie COKpaLleHus
nogsiexkaT pacndpoBKe B KOHLE TabnmLbl.

Ha3saHusa Tabnuy v Bcs nHbopmauma B Tabnuuax ay-
6nMpyeTCA Ha aHITIMNCKOM fAi3bIKe.

PucyHkn

PriCyHKM [OMKHBI JOMONHATL MMELWMecs B CTaTbe
Tabnuubl 1 TEKCT, a He Jy6NMpPoBaTh MX.

QoTtorpadum JOMKHbI ObITb KOHTPACTHBIMU, PUCYH-
KU — YeTKMU. Vimewowmecs B cTatbe rpadurKkm JOMKHbI
ObITb MpeAcTaBieHbl (BO3MOXKHO, OTAENbHbIM (aliom)
B BUZE TabNmL, C UCXOLHBIMU AaHHBIMM.

Ha mukpodoTorpadmsax Heo6Xoaumo ykasaTb MeTop
OKpacKu, yBesinyeHue.

PricyHKM HymepyIoTCA B COOTBETCTBUM C MOPALKOM UX
LUTUPOBaHUSA B TEKCTe. KaXKabl pUCYHOK JO/MKEH UMETb
KpaTKoe Ha3BaHWe 1 MEeTb CCbUTKM B TeKCTe (Hanpumep:
puc. 1). EBUHCTBEHHbIN PUCYHOK B CTaTbe He HyMepyeTCA.

He cnepyeT ncnonb3oBaTtb Ha pUCYHKaX, B TOM Yucsie
Ha rpadukax, Kpatkue ob03HaueHus, gaxe pacwmndpo-
BaHHble B TeKcTe (t, S gp.).

Bce noanucn K prcyHKam gy6nvpyiloTca Ha aHrui-
CKOM s3blKe.

Bce TeKcTOBble HaANMUCK Ha PUCYHKaX Takxe Ay6nu-
PYIOTCA Ha aHIIMIACKOM Ai3blKe Yepes CaLL.

lpaBuna gna asTopoB

Bce ctatbn, noctynawwme B pepakuunio, NpoxogaT
MHOrFOCTYyNneH4YaToe peueH3MpoBaHue, 3ameyaHus pe-
LIeH3eHTOB HAMpaBnsATCA aBTOpy 6e3 yKasaHus UMeH
pEeLIEH3EHTOB Yepes INYHbIA KabMHET Ha caliTe XKypHana.
MNocne nonyyeHna peueH3ni 1 OTBETOB aBTOPa PeaKon-
nervs NPYHUMAET peLleHne o nybnukauum (unu oTko-
HEeHWK) cTaTbU.

Penakuus octaBnseT 3a co60i NPaBo OTKJIOHUTb CTa-
TbIO C HamnpaB/ieHNeM aBTOPY MOTUBUPOBAHHOTO OTKa3a
B NucbmeHHol popme. OuepeaHoCTb Nybnmnkauum cTa-
Tell yCTaHaBNBAETCA B COOTBETCTBUN C PEAAKLMOHHbBIM
MIaHOM U3[aHMsA XypHana.

Pepakuma XypHana ocTaBnseT 3a coboll npaBo co-
KpalaTb 1 pefakTMpoBaTbh MaTepuasbl cTatbn. Heb6osnb-
LIKe NCNPaBeHUs CTUINCTUYECKOTO, HOMEHKATYPHOTO
unv GopmMasibHOro XapakTepa BHOCATCA B CTaTbio 6e3 co-
rNacoBaHWA C aBTOPOM.

Pepakuma nmeeT NpaBo YaCTUUYHO WM MOSTHOCTbIO
npefocTaBAsATb MaTepuanbl Hay4YHbIX CTaTell B poc-
CuiACcKMe 1 3apybeXkHble opraHmM3auum, obecneuynBa-
IoWmMe UHAEKCAUMI0 HayUHbIX NyO6nuKauuii, a Takxe
pa3mellaTb AaHHble MaTepuasbl HA UHTEPHeT-canTe
XypHana.

MpencTaBneHne cTaTby ANs Ny6AMKaLMKM B XypHane
nofpa3symeBaeT cornacue aBTopa(oB) ¢ onyb6nMKoBaHHbI-
MU NpaBrIamu.

MonHble npaBuna ¢ npumepamn opopmaeHUs Tn-
TYNbHOI CTPaHULIbl, PUCYHKOB, Tabnuy 1 cnucka nu-
TepaTypbl, NPUBEAEHbI Ha caliTe XXypHana B pa3spaene
«MpaBuna pna asTopoB» https://www.pdt-journal.
com/jour/about/submissions#authorGuidelines.

40

BIOMEDICAL PHOTONICS T.11, Ne2/2022



OHEP! N4

")

h
il

 DOTOPAH B

_Ié/—— |

D e 50N #

; HOBbI POCCUMCKWUWU NMPENAPAT
19 ®0TOOAMHAMUYECKOW TEPANMUU

" [eicTaytoLLEe BELEeCTBO OtcytcTBue - OTcyTCTBME renaTo u
NpUPOAHOro annepruyeckux peaxkuui HedpPOTOKCUYHOCTH,
NMPOUCXOXKAEHUS HU3Kas GOTOTOKCUYHOCTb

BbiCTpoe HakonneHue B AnvtensHoe xpaHeHue ?
MaToNOrMYeCKON TKaHu - 6es notepu akTMBHOCTH R R

1,5-3 yaca BelwecTsa - 3 roga

MAPTHEPbI:

S
& PR No&(/
S %

Mo Bonpocam +7 (495) 659-64-93
npuobpeTeHns +7 (499) 726-26-98



A'"

f

<
g

®OTOOAUTA3UH

[fotoditazin]
POTOCCHWMBMANSATOP XAOPUHOBOTO PAAC

>
Ya

Sl ) - N TR
e e \"lf"}. Q‘Eg‘x\%l LS
. N £ 9al aﬁ;‘.ﬂt“ﬁﬁ"v .
A e
’ ";-!—“F&! . - - “ vy 9 > -

- :\

*%< OOTOAMTATENb
» f <«

[fotoditagel] *™
sy

QOTOAUTAIUH 4mn 05%

[enb KOCMeTUeCKui

[enb-neHeTparop
CBeTOBOFO “aﬂyqu WA

eb — PY No OCP 2012/13043 ot 03.022012 1
» KOHLEHTPaT ANA NPUroToBeH!s PacTBopa ANA UHdY3K

«OOTOANTAZNH®» npumeHsietca Ana GhoopeCcLeHTHON ANArHOCTUKN U (hOTOANHAMMUYECKOM
Tepanun OHKONMOrMUYeCcKnX 3a60neBaHMi Pa3nnUHbIX HO3010rMUECKnX hopMm, a Tak Xe naTono-
MM HE OHKOMOTMUYECKOro XapakTepa B cnefyroLmx 06nactax MeauumHbl:

[.epMaTonorus & odransmonorus
FMHEKONorus & tpasmaronorus
Fo— n opToneaus

QR QAQQQ

TopakasibHas Q KombycTmnonorus
FAPIPTEE & rHoitHas
cTromaTonorus Xupyprus
Henpoxupyprus & anrvonorus

B cootsetctBum ¢ npuxasamy MAHNCTEPCTBA 3[1PABOOXPAHEHIA PO:

Mpunka3 NO 1629+ oT 29 fekabps 2012 1. «06 yTBEPXAEHUN NEepeYHs
BIA0B BbICOKOTEXHOMOMMYHOW MEAULMHCKOW MOMOLLMY»

Mpuka3z NO 915H oT 15 Hos6ps 2012 1. «O6 yTBEPXAEHWUYU NOpAaKa
OKa3aHWUs MeMLMHCKOW NMOMOLLY B3POCIIOMY HaCeNeHUto
no NPOUAID ,OHKONOrns“»

L-%
O
123056, . a, yn.

Ten.: +7 (499 61-81, 7
E-mail: fot n@mae

www.fotoditazin.com
www.cpoToauTasuH.pd

»




