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SPECTROSCOPIC STUDY OF METHYLENE BLUE IN VIVO:
EFFECTS ON TISSUE OXYGENATION AND TUMOR
METABOLISM

Pominova D.V.'2, Ryabova A.V.'?, Skobeltsin A.S', Markova 1.V.2, Romanishkin I.D.',
Loschenov V.B.'2

'Prokhorov General Physics Institute of Russian Academy of Sciences, Moscow, Russia
“National Research Nuclear University MEPhI (Moscow Engineering Physics Institute),
Moscow, Russia

Abstract

Methylene blue (MB) is a promising photosensitizer (PS) for the treatment of pathological neoplasms, since it has both photodynamic activity
(under laser irradiation) and redox and catalytic properties (in the absence of light). In the framework of this work, using spectroscopic methods,
the effect of intravenous administration of MB on tissue oxygenation of hemoglobin in small animals in vivo in tumor and normal tissues was
analyzed. The influence of MB on cell metabolism was analyzed. It has been shown that the use of MB promotes an increase in oxygen consumption
by the tumor, and also leads to a shift in metabolism towards oxidative phosphorylation. It was shown that the use of MB contributes to an increase
in oxygen consumption by the tumor, and also leads to a shift in metabolism towards oxidative phosphorylation.

Keywords: methylene blue, oxygenation, tumor metabolism.

For citations: Pominova D.V., Ryabova A.V,, Skobeltsin A.S., Markova I.V., Romanishkin 1.D., Loschenov V.B., Spectroscopic study of methylene blue
in vivo: effects on tissue oxygenation and tumor metabolism, Biomedical Photonics, 2023, vol. 12, no. 1, pp. 4-13. doi: 10.24931/2413-9432-2023-
12-1-4-13.

Contacts: Pominova D.V., e-mail: pominovadv@gmail.com

CMNEKTPOCKOIMNHECKOE UCCJIEOOBAHME
METUJTIEHOBOI'O CHUHETO IN VIVO: BJIMAHUE HA
OKCHUIEHAUMIO TKAHEN U OIMYXOJIEBbIK METABOJINM3M

.B. Momuuoea'?, A.B. Pabosa'?, A.C. Ckobenbumnn', 1.B. Mapkosa?, N.[. PomaHuwwkuH',
B.B. JloweHos'-?

"Muctutyt obwein dpusmkm mm. A. M. MNMpoxoposa Poceuiickon akagemmn Hayk, Mockea, Poccus
HaumoHanbHbIM MCCneaoBaTenbekmit aaepHbiit yHnsepcutet <MDKy, Mocksa, Poccus

Pe3lome
MeTuneHoBbIn crHuin (MC) sBnseTcA nepcnekTMBHbIM GOTOCEHCUOUNN3ATOPOM ANA Tepanuv NaToNorMyecknx HoBOObPa3oBaHMIA, MOCKOMbKY
o6r|a,qaeT Kak ¢0T0,D,I/IHaMVIHECKOI7I AKTUBHOCTbIO (I'Ipl/l nasepHom OﬁﬂyHEHVIVI), TaK N OKUCSTUTENIbHO-BOCCTAHOBUTEJIbHBIMU N KaTaJIUTUYECKUMIN
CBOIZCTBaMI/I (B OTC)/TCTBI/II/I cse'ra). B paMKax ,El.aHHOVI pa6o1'b| I'Ipl/l nomMmoLyu CI'IeKTpOCKOI'II/I‘-IeCKI/IX MeTo40B 6bIJ10 npoaHanm3mp03aHo BNnAHNE
BHYTPpUBEHHOIo BBEAEHUA MC Ha TKAHEBYIO OKCUreHauyuto reMorfniobrHa Ha mMarsbiX XUBOTHbIX iN Vivo B Onyxonn n HopMaJsbHbIX TKaHAX. I'Ipo—
BedeH aHanu3 BInAHNA MC Ha KneTouHbIn MeTa60ﬂVI3M. |-|0Ka3aH0, YTO NpUMeHeHne MC CI'IOC06CTByET yBennveHuno I'IOTpe6J1€HI/Iﬂ Kucnopona
OI'IyXOHb}O, a TakXxe I'IpI/IBOL]I/IT K c,qsmry MeT360ﬂI/I3Ma B CTOpOHy OKNCNNTEeNbHOIro ¢0C¢0pI/IﬂI/IpOBaHI/I$|.

KntoueBble c/ioBa: METUIIEHOBbIV CUHWIA, OKCUTEHALMA, OMYXOJEBbI MeTabonvam
Ana yntupoBaHus: MomrHosa [.B., Pabosa A.B., CkobenbuuH A.C., MapkoBa W.B., PomanuwkuH W.[., NloweHos B.b. Cnektpockonunyeckoe
nccnefoBaHvie METUIEHOBOIO CUHETO in Vivo: BAMAHUE Ha OKCMIeHaLmIo TKaHel 1 onyxoneBbli MeTabonvsm // Biomedical Photonics. — 2023. -

T.12,N2 1. - C. 4-13. doi: 10.24931/2413-9432-2023-12-1-4-13.

KoHTtaktbl: [omrHoBa [1.B.., e-mail: pominovadv@gmail.com
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Introduction

Cancer is currently one of the major health problems
in all developed and many developing countries of the
world [1]. In this regard, a large number of publications
are devoted to the study of the processes of tumor growth
and their metastasis. To date, it is known that the tumor
and its microenvironment are highly heterogeneous
[2]. Cancer cells establish metabolic cross-talk with
cellular and non-cellular components of the tumor
microenvironment, which leads to the reorientation of
immune cells to protect the tumor, provides cancer cells
with the nutrients and promotes proliferation, invasion,
metastasis, aggressiveness, resistance of tumors to
treatment [3-6].

One of the driving forces of metabolic reprogramming
is hypoxia and a cascade of biochemical reactions leading
to local acidification. Growing tumors are characterized
by insufficient blood perfusion, hypoxia, inflammation,
enhanced fatty acid metabolism, nucleotide synthesis
and glutaminolysis [7]. The hallmarks of tumor cell
metabolism are a high level of glycolysis and a low
level of oxidative phosphorylation, even when oxygen
is present in the tissues in sufficient quantities. Most
cancer cells produce lactic acid (lactate), a characteristic
product of glycolysis [8]. Lactate has a critical function
in signaling, through inducing the expression of vascular
endothelial growth factor and the polarization of tumor-
associated macrophages and induce expression of
arginase 1 by macrophages, which has an important role
in tumor growth [9]. Local acidity is a central regulator
of cancer immunity that orchestrates both local and
systemic immunosuppression [7]. Low oxygen supply
to the tumor further enhances glycolysis, which in turn
causes the expression of hypoxia-inducible factor 1a
(HIF-1a) and mediates the effects of lactic acid.

An urgent task is to search for new approaches for
the treatment of cancer, which are aimed at correcting
the functional state of the tumor microenvironment [10-
11]. One promising approach is photodynamic therapy
(PDT) [12]. PDT uses a special drug-PS, which under
the action of light generates reactive oxygen species
that not only damage biological structures, but are
also natural regulators of cell proliferation, metabolism,
and apoptosis [13-14]. In recent years PDT has been
increasingly used to treat tumors of various localizations.
In Russia, a large number of scientific groups are
engaged in the development of PDT methods [15-19].
PDT has a number of advantages over other methods: it
is effective against all types of tumors; if necessary, the
procedure can be repeated many times, since there are
no cumulative toxic effects and acquired resistance; the
procedure is carried out on an outpatient basis, provides
a good cosmetic effect and can be used even for the
elderly and debilitated people. The effectiveness and
safety of PDT have been proven by numerous clinical

studies and active practical use [20-22]. A problem for
PDT is the effect on tumors that are in a state of hypoxia,
for example, many tumors of the prostate and pancreas.

One of the interesting PS is MB, which, in addition
to fluorescence in the red part of the spectrum and
significant photodynamic activity, has redox and catalytic
properties. In the 1930s, MB was actively researched [23-
26] to counteract the effects of cyanide intoxication,
however, after the advent of other antidotes [27],
research on its mechanisms of action and effectiveness
was abandoned for decades. According to a pioneering
work [28], MB increases oxygen consumption by tissues
with aerobic glycolysis and tumors, while the effect of MB
is approximately proportional to the enzymatic capacity
of tissues. There is no effect on oxygen consumption by
those normal tissues that do not have aerobic glycolysis.
The catalytic properties of MB in relation to tumors are
due to its interaction with lactic acid, which is formed as
a result of aerobic glycolysis.

When released into the blood, MB is readily reduced
to its colorless leuco form, leucomethylene blue (LMB).
Reducing agents can be NAD(P)H [29-30] or reduced
glutathione [31], the concentration of which decreases
as a result of interaction with MB [32], and MB acquires
electrons in the process. LMB, in turn, can be reoxidized
to MB by molecules with a higher redox potential (such
as O, or most metal compounds), donating electrons in
the process, and a new reduction cycle can be initiated
[32]. There is evidence that MB interacts directly with the
mitochondrial electronic circuit, donating electrons to
complexes | and Il and/or providing partial restoration
of the Krebs cycle [33], whenever NADH is oxidized by
MB or even resuscitation of the mitochondrial electronic
circuit. A positive effect of MB on peripheral blood flow
has also been reported [34]. In clinical practice, MB is
used to treat methemoglobinemia, since MB is able to
reduce the ferrous iron in methemoglobin (the oxidized
form of hemoglobin that is unable to carry oxygen) to
the ferric state corresponding to normal hemoglobin
[35] and also as an antidote for carbon monoxide
poisoning. The MB/LMB pair quickly diffuses into the
cytoplasm and mitochondria of any cells, including
neurons [36], and can have different effects depending
on the concentration of the redox state of its immediate
environment. MB and LMB have different absorption
peaks: LMB predominantly absorb in the UV region (256
nm), while MB has two absorption peaks in the UV and
visible range (294 and 665 nm, respectively) [37]. There
is also a semi-reduced form (radical) with an absorption
maximum at a wavelength of 420 nm. This makes it
possible to study MBs by spectroscopic methods and
directly observe the transition of MB into LMB.

It should be noted that early studies of MB were
carried out ex vivo using micromanometric methods.
More recent studies have mostly been conducted in
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cell cultures and have been indirect. Therefore, this
work was devoted to the direct observation of the
pharmacokinetics of MB in vivo, the study of the MB/
LMB transition, and the assessment of the effect of MB
on oxygenation and tumor metabolism using video
fluorescence and spectroscopic methods. The present
study was undertaken to characterize the metabolic
responses to MB at various doses to determine the effects
produced by the LMB/MB pair on cellular metabolism in
a Lewis lung carcinoma (LLC) transplanted tumor mouse
model. A spectroscopic study showed that with the
accumulation of MB, there is a decrease in hemoglobin
oxygenation in the tumor, which can be interpreted as
an increase in oxygen consumption. Tissue cryosections
were analyzed using fluorescence lifetime imaging
microscopy (FLIM) in order to interpret intracellular
metabolism in the areas of MB accumulation. It has been
shown that there is a shift from glycolysis to oxidative
phosphorylation after MB administration.

Materials and methods

Methylene blue

MB have been purchased at a pharmacy: “Methylene
blue”, an aqueous solution of 1%, the active substance
methylthioninium chloride (OJSC“Samaramedprom”).

Fluorescence imaging of MB in vivo

For the experiment, male BALB/c mice that were
25-30 g, 8-10 weeks old were used. The mice were kept
at 21°C temperature in standard cages, the photoperiod
was 12 hours of light and 12 hours of dark per day. The
animals had access to standard laboratory feed and
water ad libitum.

The LLC cell line of C57BL strain was used in
experiments in vivo for tumor grafting. Inoculation of 50
pL of a 15% tumor cell suspension in Hanks’ Balanced
Salt Solution was performed intramuscularly on the right
hind leg.

Experiments were performed on 14 after LLC
cells injection. Tumor volume was determined by the
measurement of two bisecting diameters in each tumor
using calipers. The size of the tumor was determined
by direct measurement of the tumor dimensions. The
volume was calculated according to the equation: V =
(LxW?) x 0.5, where V =volume, L =length and W = width.
All mice were divided into 2 groups depending on tumor
size (small and large tumor, 50-75 and 100-150 mm?
correspondingly). All measurements were triplicated.

MB was administered intravenously into the tail vein
at a dose of 10 and 20 mg/kg with fluorescent control.
Fluorescence was excited by laser radiation with a 660
nm wavelength.

Registration of fluorescent images was carried out
using a black-and-white camera MQO13RG-ON (Ximea,
Korea), with extended sensitivity in the near-infrared

Puc. 1. CxematuyHoe U306pa*KeHne pacrnonoXKeHuss BUAeOoKa-
Mepbl, UCTOYHUKA /Ta3€PHOro U3NyYEHUs U MbllK ans ¢nyopec-
LEeHTHOW Bu3yanu3auuu METUIEeHOBOro cuHero in vivo, ¢oto
JXMBOTHOrO C OMyX0Jibl0O Ha NMpaBoK Nane (KpacHbli KBaapaTt) B
06bl4HOM LiBETE U B PIyOPECLIEHTHOM pEeXUME.

Fig. 1. Schematic representation of the location of the video
camera, laser source and mouse for fluorescence imaging of
MB in vivo, photo of an animal with a tumor on the right paw (red
square) in normal color and in fluorescent mode.

range, equipped with an interference filter that transmits
in the range of 700-750 nm. The setup is shown in Fig. 1.

The fluorescent signal was recorded in a video file,
which was further processed. After the injection of the
dye, the mouse remained under laser irradiation for 5
minutes, during which the video file was recorded. The
following method was used to assess pharmacokinetics
from fluorescent images. For each frame of the recorded
video file with a fluorescent signal, the average
brightness in the specified area (tumor and normal
tissue) was calculated. The brightness value in a pixel was
normalized and took values from zero to one. Then, the
time dependences of the average brightness of various
zones of interest were plotted.

Study of methylene blue pharmacokinetics of using
spectroscopic methods

Quantification of the MB accumulation in the
tumor and in the normal tissue was carried out by
spectroscopic methods using a fiber-optic spectrometer
LESA-01-Biospec (Biospec, Russia). The device allows
measurements of fluorescence spectra in the wavelength
range of 350-1000 nm with a wavelength resolution of
3 nm. The exposure time for recording one spectrum
can be varied in the range of 20 - 500 ms. To deliver
and receive radiation, a fiber optic probe was used with

BIOMEDICAL PHOTONICS T.12, N2 1/2023
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a central illuminating fiber supplying exciting laser
radiation to the tissue and six peripheral fibers collecting
scattered and fluorescent radiation. A helium-neon laser
with a wavelength of 632.8 nm was used to excite MB
fluorescence. The laser radiation power at the output of
the fiber was 5 mW. A filter was installed at the entrance
to the spectrometer to attenuate the laser radiation,
which made it possible to observe its component
backscattered by the tissue in the same dynamic range
as the fluorescent radiation.

The assessment of the concentration of the drug in
the tissues using a fiber-optic spectrometer is performed
integrally, from the entire depth to which the laser
signal penetrates. To quantitatively determine the MB
concentration in organs and tissues, the calibration
was performed using optical phantoms with an MB
photosensitizer, which simulated the scattering and
absorbing properties of biological tissues. Used MB
concentrations of 0, 0.01, 0.05, 0.1, 0.5, 1, 2.5, 5 mg/kg
were mixed with a scattering medium (1% fat emulsion
Intralipid (Fresenius Kabi LLC, USA)) and put into tubes.
The fluorescence spectra of optical phantoms with MB
were recorded under excitation by a laser source with a
wavelength of 632.8 nm. Based on the obtained spectra,
the fluorescence index was determined for each optical
phantom, equal to the ratio of the area under the MB
fluorescence peak to the area under the scattered laser
radiation peak. Using the calibration curve, a one-to-one
correspondence is established between the fluorescence
index of each of the phantoms and the concentration of
MB in it. The calibration curve is then used to determine

the concentration of MB in vivo from their measured
fluorescence indices. Fluorescence index and MB
concentration in optical phantoms were determined
under the same external conditions. All measurements
were carried out in a dark room without external light
sources. Measurements were made at time points prior
to administration, 10 minutes and 1 hour. For each time
point, measurements were repeated three times for 3
animals.

Determination of hemoglobin oxygenation level in
the tissue microvasculature by analyzing the diffuse
reflectance spectra

The hemoglobin oxygenation measurement is based
on the registration of diffuse reflectance spectra in the
500-600 nm wavelength spectral range, which makes it
possible to quantify the concentration of hemoglobin
in oxygenated and deoxygenated form. Fig. 2 shows the
sketch of the experimental setup for diffuse reflectance
spectra registration in vivo (Fig. 2a) and characteristic
absorption spectra of oxygenated and deoxygenated
hemoglobin forms (Fig. 2b).

A halogen lamp with a fiber optic output was used as
a broadband radiation source. To receive radiation, a fiber
with a diameter of 400 um was used. The light supplied
to the biological object passed through the tissue,
experiencing scattering and absorption, and entered
the receiving fiber. The receiving and transmitting fibers
were in light contact with the test tissue in order to
avoid affecting its optical properties when pressed. From
the receiving fiber, light entered the LESA-01-BIOSPEC
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Puc. 2. Cxema 3KkcnepMMeHTabHON YCTAHOBKMU A1 U3MEPEHUs CNEKTPOB o6paTHOro audody3Horo paccesHus in vivo (a) U xapaktepu-
CTUYECKUE CMEKTPbI NOrNOLEHU OKCUFEHUPOBAHHOW U fleOKCUreHUupoBaHHOM dopm remornobuHa (b).
Fig. 2. Scheme of the experimental setup for measuring diffuse reflectance spectra in vivo (a) and characteristic absorption spectra of

oxygenated and deoxygenated hemoglobin forms (b).
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laser spectrum analyzer (Biospec, Russia), which was
controlled via a USB interface by a personal computer
using special software Uno (Biospec, Russia), which was
used to register and process the spectral dependencies.
To eliminate the influence of the spectral sensitivity of
the detector, the transmission spectrum of the fibers, and
the spectral radiative characteristic of the light source on
the detected signal, the measurements were carried out
relative to a standard sample (BasO,) with a reflection
coefficient close to unity in the spectral range of interest.
The measurement technique is described in more detail
in [38].

Cryosections preparation and analysis

After spectroscopic study mice were euthanized.
Tumors along with subcutaneous tissue, skin and
muscle were excised en bloc and frozen. Using a
freezing microtome Microm HM 560 Cryostat (Thermo
Scientific, Waltham, Massachusetts, USA) cryosections
were prepared. Thickness was estimated to be 50 um for
the FLIM procedure and 100 um for absorption spectra
measurements. The sections were placed in saline
under a coverslip and examined immediately using
a laser scanning microscope in order to analyze the
metabolic changes after MB accumulation. To study the
absorption spectra, the sections were placed on quartz
glasses. Registration of absorption spectra in the range
of 200-1000 nm was carried out using a Hitachi U3400
spectrophotometer (Hitachi, Japan).

Assessment of intracellular metabolism by
endogenous NADH photoluminescence lifetime using
FLIM

To investigate the metabolic changes in the tissue,
an approach based on calculating NADH fluorescence
lifetime metabolic index was used [39]. Tissue sections
were examined using an LSM-710-NLO laser scanning

microscope (Carl Zeiss AG, Germany) with Plan-
Apochromat 63x/1.4 Oil objective. NADH fluorescence
was excited by 740 nm two-photon laser excitation
using Chameleon Ultra Il femtosecond laser (Coherent,
USA). Time-resolved images were obtained using an
attached FLIM module (Becker & Hickl GmbH, Berlin,
Germany) consisting of a time-correlated single photon
counting system SPC-150, a GaAsP HPM-100-07 hybrid
photodetector, and SPCM software the fluorescence
lifetime was measured. NADH fluorescence was isolated
using an FB450-40 bandpass optical filter (Thorlabs, USA).
Time-resolved fluorescence images were processed
using SPCImage 8.5 software (Becker & Hickl GmbH,
Germany). To interpret the time-resolved fluorescence,
NADH a,/a, metabolic index was calculated for each pixel
of the image, where a, and a,are amplitudes of the short
(t,=0.4ns) and long (t,=2.5ns) lifetime components of
freeand bound NADH, respectively [40]. High values of the
metabolic index signify the shift of cellular metabolism
towards glycolysis, while low values—towards oxidative
phosphorylation. In addition to calculating the metabolic
index, a phasor diagram approach was applied [41].

Results and discussions

Fluorescence imaging and spectroscopic studies of
methylene blue in vivo

Using the video fluorescence imaging, it was shown
that after intravenous administration, MB accumulates
very quickly (in about 5 seconds) both in the tumor and
in normal tissue, Fig. 3.

Then, the intensity of MB fluorescence in normal tissue
decreases slightly and remains constant throughout the
measurement (5 minutes). In a tumor, on the contrary,
a rapid decrease in the MB fluorescence intensity is
observed; already after 20 seconds, the luminescence
intensity decreases by 4 times relative to the initial value
and remains at this level. The obtained time dependences

10 sec/10 cek

5 sec/5 cek

15 sec/15 cek 20 sec/20 cek

A%,

Puc. 3. dnyopecuLeHTHas BU3yanu3auus METUIEHOBOIO CUHETO in Vivo ¢ ucnonb3oBaHUeM Bo36yKaeHUss 660 HM: u3oGpakeHus, nony-
YeHHble yepes 5, 10, 15 1 20 ¢ nocne BHYTPUBEHHOIO BBEEHUSA METUJIEHOBOIO CMHero B fo3e 20 mr/Kr. O6nacTtb, BbigeneHHas 3ene-
HbIM, COOTBETCTBYET HOPMaJibHOM TKaHU, 06J1acTb, BblAeIEHHAs KpacHbIM, — ONyXOJIU.

Fig. 3. Fluorescence imaging of MB in vivo using 660 nm excitation: images obtained 5, 10, 15 and 20 seconds after intravenous
injection MB in 20 mg/kg dose. The area highlighted in green corresponds to normal tissue, the area highlighted in red corresponds to
tumor.
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Fig. 4. Time dependences of the fluorescent image average
brightness of selected normal tissue and tumor areas.

of the average brightness of normal tissue and tumor
areas are presented on Fig. 4.

A large spread in fluorescence intensity values in
the interval of 2-6 seconds is associated with mouse
movement at the moment of MB injection and
immediately after. We assume that the observed decrease
in the intensity of MB fluorescence is due to the rapid
transition to the reduced LMB due to interaction with the
components of the tumor microenvironment.

Quantitative assessment of MB accumulation
in normal tissue and tumor was carried out using
spectroscopic methods by the intensity of fluorescence in
the red spectral range, recorded in vivo. The dependence
of MB concentration on the accumulation time is shown
in Fig. 5.

The maximum accumulation in the normal tissue and
small tumor was observed 5-10 minutes after injection
for both tested concentrations. As expected, the MB
cumulative concentration was higher for the higher
MB dose. An hour later, the concentration decreased
significantly, both in the norm and in a small tumor. For a

0.7 - normal tissue/ 10 mg/kg / 10 mr/kr
Hopma m 20 mg/kg / 20 mr/kr
0.6 A small tumor / 10 mg/kg / 10 mr/kr

ManeHbKas onyxons m 20 mg/kg / 20 mr/Kr
W 10 mg/kg / 10 mr/kr
W20 mg/kg / 20 mr/kr

05 4 big tumor /
6onbLas onyxonb

¢, mg/kg / c, mr/kr

5-10 min/ 5-10 MuHyT 1h /1 y4ac

Puc. 5. KoHueHTpauusa MeTU1eHOBOro CUHero B HopMaJsibHbIX TKa-
HSIX M OMYXOJK, OonpeAeNneHHas CNeKTPOCKONMYECKUMHU MeToaaMun
yepe3 5 MUH U 1 4 nocne BHYTPUBEHHOIO BBeAeHus B fgo3se 10 u
20 Mr/Kr.

Fig. 5. The concentration of MB in normal tissues and tumors,
determined by spectroscopic methods 5 minutes and 1 hour after
intravenous administration at a dose of 10 and 20 mg/kg.

large tumor, the opposite trend was observed — with an
increase in the accumulation time, the MB concentration
gradually increased.

To confirm that the decrease in the luminescence
intensity of MB is due to the transition to the reduced
form of LMB, we studied the absorption of cryosections of
normal and tumor tissues ex vivo. The absorption spectra
recorded using a spectrophotometer are shown in Fig. 6.

The study of the absorption spectra of cryosections
ex vivo showed the presence of the transition of MB to
LMB in the tumor. In the absorption spectrum of normal
tissue, an absorption peak is observed in the red region,
corresponding to the absorption of the “blue” form. The
absorption spectrum of the tumor lacks a peak in the
red region, but there is intense absorption in the UV
range, presumably corresponding to the absorption of
LMB. The absorption peak at a wavelength of 420 nm

0.5 1 Semi-reducted form /

LMB/ MonysocctaHoBNeHHas Gpopma
mMC

0.45 A

—normal tissue / Hopma

—tumor / onyxonb

Puc. 6. CneKTpbl MOrNOWEHUA Kpu-
0Cpe30B HOPMaJsbHbIX U ONyX0NeBbIX
TKaHel nocne BBeJEHUS METUNEHO-
BOro cuHero, gosa 20 mr/kr (MC -
MeTUNeHoBbI cuHuin, JIMC - neliko-
MEeTUNEHOBbIA CUHUIA).

Fig. 6. Absorption spectra of normal
and tumor tissues cryosections
obtained after MB injection, dose 20
mg/kg.
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corresponds to the absorption of the semi-reduced form;
in the range of 500-600 nm, a characteristic hemoglobin
absorption peak is observed for the tumor. Thus, analysis
of the absorption spectra makes it possible to study the
transition of the main form of MB into its reduced form
under the influence of external factors.

Determination of hemoglobin oxygenation level in
the tissue microvasculature

Along with assessment of MB accumulation in
normal tissue and tumor, the oxygenation level in vivo
was measured by the hemoglobin absorption. The
dependence of tumor oxygenation in relation to normal
tissue on the MB accumulation time is shown in Fig. 7.

Prior to the administration of MB, the degree of tumor
oxygenation is about 85 and 70% relative to normal
tissues for small and large tumors, respectively. In 5-10
minutes after the administration of MB for small tumors,
a decrease in the level by 10% is observed, 1 hour after
the administration, oxygenation is restored to its original
level or exceeds it, depending on the concentration of
the drug. 5 hours after the administration of the drug
for small tumors, the degree of oxygenation continues
to increase and approaches the level of oxygenation
of normal tissues (90%). This dependence correlates
with the pharmacokinetics of MB in small tumors: after
5 minutes, the maximum accumulation of MB (in the
oxidized «blue» form) is observed, after an hour the
concentration of the drug decreases.

The dependence of oxygenation of large tissues on
time after the introduction of MB has a different character.
Initially, oxygenation of large tumors is lower and is about
70% of the norm. 5-10 minutes after the administration
of MB, an increase in oxygenation up to 90% is observed,
and then oxygenation begins to decrease and is about 65
and 40% 1 and 5 hours after administration, respectively.

According to literature data, MB increases oxygen
consumption by tissues with aerobic glycolysis [28]. In this
case, oxygen consumption is understood as the amount
of oxygen absorbed and used by the body per minute,
that is, this is the rate of oxygen use. From the point of
view of oxygen consumption, the obtained dependences
of the oxygenation on time can be interpreted as
follows. For small tumors, MB accumulates rapidly in the
tumor and increases oxygen uptake. At the same time,
oxygenation of hemoglobin in the microvasculature
in the tumor area is reduced. After a while, the
concentration of MB decreases and oxygenation begins
to increase. At the same time, a temporary increase in
oxygen consumption leads to the increase of tumor
oxygenation after exposure, which exceeds the initial
one. For large tumors, MB accumulation is slower and the
concentration accumulated in the tumor is significantly
lower than in small tumors (Fig. 5), since the central part
of the tumor is poorly supplied with blood. A decrease
in oxygenation is observed after a longer time after the
administration of the drug (Fig. 7) since more time is
required for MB to accumulate in tumor tissues and have
an effect. The increase in the oxygenation level after 5-10
minutes can be explained by the positive effect of MB on
peripheral blood flow.

Assessment of intracellular metabolism by
endogenous NADH photoluminescence lifetime

Time-resolved fluorescence imaging was used
to investigate the effect of MB administration on the
metabolic type of tumor tissues. Phasor diagrams in
the NADH spectral range from tumor slices after MB
intravenous injection in 20 mg/kg dose are shown in Fig. 8.

The phasor diagrams of tumors treated with MB show
a shift towards shorter lifetimes relative to the control
tumor. The NADH a,/a, metabolic index calculated from

small tumor / maneHbKas onyxonb

12 4 big tumor / 6onbluas onyxonb

0.6
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Oxygenation, % / OkcureHaums, %

5-10 min / 5-10 MuHYT

1h /1 uvac

10 mg/kg / 10 mr/kr
W20 mg/kg / 20 mr/kr
W10 mg/kg / 10 mr/kr
W20 mg/kg / 20 mr/kr

Puc. 7. CteneHb OKcUreHauum ony-
XOJI MO OTHOLUEHUIO K HOPManbHOWM
TKaHuW, onpefeneHHas no nornaoule-
HUIO remMorno6uHa fo, Yepes 5 MUH
1 Yyepe3 1 4 nocne BHYTPUBEHHOIO
BBEJE€HUS METU/IEHOBOIrO CUHEro B
pose 10 1 20 Mr/Kr.

Fig. 7. The oxygenation level of
tumor in relation to normal tissue,
determined by the hemoglobin
absorption before, and 5 minutes
and 1 hour after MB intravenous
administration at a dose of 10 and
20 mg/kg.
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Fig. 8. Phasor diagrams for time-resolved fluorescence images of NADH in tumor cryosections after MB intravenous injection in 20 mg/

kg dose: control
of the tumor.

— tumor without MB, tumor center — measurement in the center of the tumor, tumor edge — measurement at the edge

slice images amounted to 8.01+1.84, 7.12+0.87 and
6.65+1.56 for the control tumor without MB, the center and
periphery of the tumor with MB, respectively. Such a shift
in the metabolic index indicates a change in the type of
metabolism from glycolysis to oxidative phosphorylation.

Thedifferencein theresultsforthe centerand periphery
of the tumor is due to the fact that the blood vessels that
deliver oxygen and MB to the tumor, identified in general
toward the epithelial surface but notintertwined deep into
the tumor bulk [42]. For tumors, there is usually a decrease
in the gradient of oxygen and nutrients from the periphery
to the center. Thus, for the periphery of the tumor, there is
a higher accumulation of MB due to a better blood supply,
as well as a better supply of oxygen.

Conclusion

Using fluorescent imaging and spectroscopic
methods, the accumulation of MB in tumors in vivo
was studied, its effect on the hemoglobin oxygenation
level in the tissue microvasculature, as well as tumor
metabolism, were analyzed.

After intravenous administration, a rapid decrease in
the MB fluorescence intensity was observed in the tumor.
After 20 seconds, the luminescenceintensity decreases by
4timesrelative to the initial value and remains at this level.
We assume that the observed decrease in the intensity
of MB fluorescence is due to the rapid transition to the
reduced LMB due to interaction with the components
of the tumor microenvironment. This assumption is
confirmed by the absorption spectra of cryosections
ex vivo showing the presence of the transition of MB to
LMB in the tumor. Intense absorption in the UV range,
presumably corresponding to the absorption of LMB,
was observed in the absorption spectrum of the tumor.

For small tumors, MB accumulates rapidly in the
tumor and increases oxygen uptake, so the oxygenation
of hemoglobin in the microvasculature in the tumor
area decreases. When the concentration of methylene
blue decreases and oxygenation begins to increase.
At the same time, a temporary increase in oxygen
consumption leads to the increase of tumor oxygenation
after exposure, which exceeds the initial one. For large
tumors, MB accumulation is slower, so the decrease in
oxygenation is observed after a longer time after the
administration of the drug.

The phasor diagrams of tumors treated with MB show
a shift towards shorter lifetimes relative to the control
tumor. The NADH a,/a, metabolic index calculated from
slice images amounted to 8.01+1.84, 7.12+0.87 and
6.65+1.56 for the control without MB, the center and
periphery of the tumor with MB, respectively. Such a shift
in the metabolic index indicates a change in the type of
metabolism from glycolysis to oxidative phosphorylation.

Thus, the use of MB contributes to an increase in
oxygen consumption by the tumor, and also leads to a
shift in metabolism towards oxidative phosphorylation.
We assume that this will positively influence the tumor
microenvironment towards tumor regression. Increasing
tissue oxygenation with the help of MB will significantly
increase the effectiveness of PDT. The results obtained
have great potential for practical implementation,
as they will significantly increase the effectiveness of
modern methods of cancer therapy, especially in relation
to tumors in a state of hypoxia that are difficult to treat.
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activation to reduce Aggregatibacter actinomycetemcomitans and Enterococcus faecalis biofilm

EFFECTIVENESS OF KATUK LEAF CHLOROPHYLL
(SAUROPUS ANDROGYNUS (L) MERR) WITH BLUE AND
RED LASER ACTIVATION TO REDUCE AGGREGATIBACTER
ACTINOMYCETEMCOMITANS AND ENTEROCOCCUS
FAECALIS BIOFILM

Permatasari P.A.D.', Astuti S.D.!, Yaqubi A.K.!, Paisei E.A.W.!, Pujiyanto', Nasrul Anuar?
'Airlangga University, Surabaya, Indonesia
2Universiti Malaya, Kuala Lumpur, Malaysia

Abstract

In this study, the efficacy of using Sauropus androgynus (L) Merr, a katuk leaf chlorophyll photosensitizer, to reduce Aggregatibacter
actinomycetemcomitans and Enterococcus faecalis biofilm was investigated. A red and blue diode laser is used as the light source. The sample was
split into four groups: a negative control group, a positive control group, a blue laser treatment group (B), and a red laser treatment group (R),
both with and without the addition of katuk leaf chlorophyll 1.6 mg/ml, and with varying densities of laser energy exposure of 2.5 J/cm?, 5 J/cm?,
7.5 J/cm?, and 10 J/cm?. Laser exposure and chlorophyll photosensitizer were tested using ELISA and ANOVA. At an energy density of 10 J/cm?,
the optimal bacterial mortality rate was obtained in each treatment group. Namely, in the Aggregatibacter actinomycetemcomitans biofilm, the
negative group, the number of deaths was 73.30% using a blue diode laser and 63.25% using a red diode laser. In the positive group, the number
of deaths was 86.12% using a blue diode laser and 83.29% using a red diode laser. In the Enterococcus faecalis biofilm, in the negative group, the
number of deaths was 67.78% using the blue diode laser and 75.33% using the red diode laser, and in the positive group, the number of deaths
was 71.71% using the blue diode laser and 86.41 using a red diode laser. Exposure to blue and red diode lasers activates chlorophyll in katuk leaves,
killing bacteria and reducing biofilms.

Keywords: photoinactivation, blue and red diode laser, katuk leaf chlorophyll (Sauropus androgynus (L) Merr), Aggregatibacter actinomycetem-
comitans, Enterococcus faecalis.
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AHTUBAKTEPUATIBHAS SDDEKTUBHOCTb
XJIOPODUINA JIUCTEB KATYKA (SAUROPUS
ANDROGYNUS (L) MERR) C AKTMBALIMEM CUHUM

1 KPACHBIM JIA3EPOM B OTHOLLIEHMM BMOMJEHKM
AGGREGATIBACTER ACTINOMYCETEMCOMITANS

M ENTEROCOCCUS FAECALIS

P.A.D. Permatasari', S. D. Astuti', A. K. Yaqubi', E.A.W. Paisei', Pujiyanto!, Nasrul Anuar?
'Airlangga University, Surabaya, Indonesia
2Universiti Malaya, Kuala Lumpur, Malaysia

Peslome
Vi3yueHa poTognHamuueckan akTMBHOCTb GoTOCeHCMbUM3aTopa XNopoduana NMCTbeB KaTyka B OTHOLWEHWN brionneHkn Aggregatibacter
actinomycetemcomitans w Enterococcus faecalis. B kauecTBe MCTOUYHMKa cBeTa Obial MCMONb30BaH KPacHbI U CUHWIA AVOAHBIN nasep.
B nccneposaHve 6biiv yeTbipe rpynmbl: rpynna OTPULIATENIbHOTO KOHTPOJA, Fpynmna MONOXKWTENIbHOrO KOHTPONA, rpynna obpaboTkm
CUHVM nasepom (B) n rpynna o6paboTku KpacHbIM nasepom (R), Kak ¢ aobasneHnem, Tak 1 6e3 gobasneHusa xnopodunna IUCTbEB KaTyka

14

BIOMEDICAL PHOTONICS T.12, Ne 1/2023
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activation to reduce Aggregatibacter actinomycetemcomitans and Enterococcus faecalis biofilm

B KOHLEHTpauumn 1,6 Mr/mn, a TakxKe Mpu PasinyHON MAOTHOCTV SHEeprun nasepHoro manyyeHus: 2,5 Ix/cv? 5 [x/cvm?, 7,5 Dx/cm? un
10 Ix/cm?. 3ddeKTrBHOCTb BO3eNCTBUA oLeHrBany ¢ nomolbio ELISA 1 ANOVA. Hanbonbluas 3¢ deKTMBHOCTb 6bina 3aperncTpupoBaHa BO
BCEX PeXMMax BO3aencTBuaA (KpacHbl/cuHUN nasep, 6e3/c xnopodunnom) npu nnoTHocTr sHeprn 10 x/cvm? B 6uonnexke Aggregatibacter
actinomycetemcomitans B KOHTPOJIbHbIX rpynnax (Tonbko obnyyeHue) 3¢pdeKTBHOCTb cocTaBuna 73,30% npy UCMOb30BaHUN CUHETO
nvopHoro nasepa 1 63,25% Npu 1NCNosib30BaHMN KPacHOrO AVOAHONO la3epa, a B OMbITHbIX Fpynnax 3gpdeKTNBHOCTb cocTaBuna 86,12% npu
MCMONb30BaHN CYHEro ANoAHOro nasepa v 83,29% npw 1Cnonb3oBaHUM KpacHOTo AMOAHOro nasepa. B 6ronnexke Enterococcus faecalis B
KOHTPOJIbHbIX Fpynnax 3$pdEKTUBHOCTb cocTaBuna 67,78% Mnpwv NCNONIb30BaHUN CMHEro AUOAHOrO Nladepa U 75,33% npu Ucnonb3oBaHUn
KpacHOro AUOAHOrO fla3epa, a B OMbITHbIX rpynnax 3$dpeKkTnBHOCTb coctaBuna 71,71% npv UCNoONb30BaHWN CUHEFO AVUOAHONO flasepa U
86,41% C 1CNonb3oBaHMEM KPacHOrO AUOAHOrO Nasepa. Takum obpasom, cfenaH BblBOA, UTO BO3AENCTBME CUHEFO U KPAacHOrO AMOAHbIX
Jla3epoB aKTUBMPYET XJIOPObUIN B NMNCTbAX KaTyKa, 06nafasn 6akTepuumaHbiM 4eNCTBUEM GaKTepUn 1 yMeHbLLasi G1oMnIeHKN.

KnioueBble cnoBa: GoTOMHAKTMBALWA, CUHU 1 KPacHbI [UOAHbIN Nlasep, Xnopodunn nncTbes Katyka (Sauropus androgynus (L) Merr),
Aggregatibacter actinomycetemcomitans, Enterococcus faecalis.
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Introduction

In general, the bacteria Aggregatibacter actinomy-
cetemcomitans and Enterococcus faecalis are to cause
for dental and oral health issues. Due to a lack of public
awareness about maintaining dental and oral hygiene,
bacteria can form on the teeth and in the mouth. A gram-
negative,facultativeanaerobiccoccobacillusthatdoesnot
migrate is called Aggregatibacter actinomycetemcomitans
(A.a.) [1]. One of the bacteria in the oral cavity that has
the potential to induce periodontal disease, particularly
localized aggressive periodontitis, is Aggregatibacter
actinomycetemcomitans [2, 3]. The periodontal ligament
and alveolar bone are damaged by periodontal disease
caused by microorganisms [4, 5]. Enterococcus faecalis
can form pockets in pairs, singletons, or short chains.
E. faecalis is facultatively anaerobic and can cause root
canal damage [6, 7].

Antibiotic overuse can lead to the development of
biofilms, which have a defined structure, adhere to one
another, and adhere to both living and inanimate objects
[8]. As they grow, bacteria that make biofilms may be
exposed to conditions that could kill them. Antibiotics,
cleaning agents, and even the immune system of the
host are all ineffective against the bacteria in the biofilm.
Resistance to antibiotic therapy is the clinical symptom of
a biofilm-forming bacterial infection [9]. The majority of
bacteria in a biofilm will continue to live and proliferate,
but only planktonic bacteria will be killed [10]. The
photoinactivation method is effective and selective in
eliminating S. aureus biofilm bacteria [11].

Free radicals, light, photosensitizers, PDI, and non-
invasive photonics are therapeutic techniques [12].
The key to photoinactivation is photosensitization,
which works by letting light in and setting off chemical
reactions that make reactive oxygen species [13]. Lasers
and LEDs are used to photoinactivate bacterial biofilms.

Porphyrin compounds are light-sensitive photosensitizer
molecules found in some bacteria. Photosensitizers are
used to take in light energy, such as chlorophyll, which
is used in photoinactivation therapy [14, 15]. The ability
of chlorophyll to absorb light and transform it into
energy is an implementation of the normal chlorophyll
structure, which is primarily made up of porphyrins
[16]. The comparatively lengthy (10-8 seconds) singlet
chlorophyll excitation phase, which then passes through
intersystem crossover to triplet excitation, is what results
in the significant energy absorption of chlorophyll during
photosynthesis. The closest oxygen molecule will receive
the extra energy at the triplet excitation level to create
reactive singlet oxygen [17].

Research using Dracaena angustifolia chlorophyll as
a photosensitizing agent with a 405 nm blue laser led
to an 80% reduction in S. aureus biofilm [18], 62% and
78% in S. mutant bacteria with pheophytin A and Alfalfa
Medicago sativa L [19], and 22% and 60% on C. albican
biofilm using 445 nm and 650 nm [20, 21].

Katuk leaves contain steroids and polyphenols, which
increase prolactin levels and are anti-inflammatory and
anti-diabetic. With a chlorophyll content of 1509.1 mg/
kg [22], katuk leaves (Sauropus androgynus (L) Merr)
serve as a model for a photosensitizer agent that is
selective, effective, chemically stable, has a wide range
of absorption wavelengths, is soluble, non-toxic, and
non-toxic. In this work, blue and red diode laser light
sources will be used to test the efficiency of katuk leaf
chlorophyll (Sauropus androgynus (L) Merr) as an organic
photosensitizing agent for inactivating E. faecalis and A.
acinomycetemcomitans bacteria biofilms.

Materials and methods
Chlorophyll extraction of katuk leaves (Sauropus
Androgynus (L) Merr) and antibacterial test

BIOMEDICAL PHOTONICS T.12, N2 1/2023

15



V9]
-
O
}_
(2’4
<
<
Z4
O,
&
O

Permatasari P.A.D., Astuti S.D., Yaqubi A K., Paisei E.A.W., Pujiyanto, Nasrul Anuar
Effectiveness of katuk leaf chlorophyll (Sauropus androgynus (L) Merr) with blue and red laser
activation to reduce Aggregatibacter actinomycetemcomitans and Enterococcus faecalis biofilm

Using 96% ethanol, 50 grams of katuk leaves
(Sauropus androgynus (L) Merr) were extracted. The
recovered materials were then mixed with maltodextrin,
which made up 20% of the filtrate’s mass. The Shimidzu
UV-Vis 1800 Spectrometer was used to evaluate the
absorbance spectrum of the extracted materials. The
disc diffusion method was then used to examine the
antibacterial activity of chlorophyll on biofilm samples.

Diode laser characterization

A laser diode will be employed as the light
source. Measurements of the wavelength spectrum,
power stability, beam area, and temperature stability
throughout treatment are all part of the light source’s
characterization. A temperature gun, a Thermolab
PM-100 power meter, and a CT-100 wavelength meter
are the instruments utilized for testing.

Bacterial culture and biofilm production

The samples were facultative anaerobe biofilms of
the Gram-negative bacteria Aggregatibacter actinomy-
cetemcomitans ATCC 29523 and the Gram-positive bacteria
E. faecalis ATCC 29212. Bacterial cells were introduced to
tryptic soy broth, a sterile agar medium, and 1 mL of 2%
sucrose. The sample was then pipette-inserted into the
microplate hole. Samples were incubated at 37 °C for 48
hours. For samples that have chlorophyll extract added,
the extract will be applied before treatment, and the
sample will be incubated for about two hours.

Treatment

Samples were distributed to the red laser treatment
group (R) and the blue laser treatment group (B). Group
B1 had the laser treatment group without the addition
of chlorophyll, while group R1 was made up of each
group. The katuk leaf chlorophyll (Sauropus androgynus
(L) Merr) was also present at 1.6 mg/mL in the Groups B2

and R2 laser treatment groups. At a distance of 1 cm, a
laser with energy densities ranging from 2.5 J/cm? to 10
J/cm? was utilized to treat each group. Each group has
Group C,, which stands for the negative control without
the addition of chlorophyll or laser treatment, and Group
C1, which stands for the treatment with chlorophyll
but without laser. Laser exposure and chlorophyll
photosensitizer were tested using ELISA and ANOVA to
determine the effects of laser exposure and the addition
of chlorophyll photosensitizer.

Results and discussion

Chlorophyll extraction of katuk leaves (Sauropus
androgynus (L) Merr)

The findings of the absorbance test revealed that
the chlorophyll absorbance peaks of katuk leaves were
at wavelengths of 383 nm-419 nm and 500 nm-685 nm.
The maximal absorbance of chlorophyll at 10% is 2.42.
the following equation can be used to determine the
amount of chlorophyll:

Total chlorophyll = [8,02(A663) + 20,20(A645)] mg/L (1)

A 10% chlorophyll solution has 71.71 mg/L of total
chlorophyll, according to equation 1. When employing
diode laser light sources with wavelengths of 401 nm and
660 nm, 91% of the photosensitizer is absorbed. The results
of the chlorophyll anti-bacterial test are shown in Table 1
for all concentration ranges, including control (0%), 2.5%,
5%, 7.5%, and 10%. The test findings revealed no clear
zone on any of the disc papers, which suggests that the
four concentrations are categorized as concentrations of
compounds without antibacterial activity.

Diode laser characterization test results

Using a wavelength meter, a diode laser will be utilized
as the light source. Its peak wavelengths are (401 £ 10) and
(660 + 7) nm, respectively (CT-100). On a blue diode laser
(25.00 + 1.71 mW) with a beam area of 0.20 cm and a red

Ta6nuua 1

OvameTp 30HbI OTCYTCTBUA POCTa B ﬂMCKO-AM¢¢y3MOHHOM TecTe

Table 1
The diameter of the clear zone in the disc diffusion test

KoHueHTpa-
yus

Xnopodunn

2,5% 50 ul (0,00+0,05) cm

5% 50 pl (0,00+0,05) cm
7,5% 50 pl (0,00+0,05) cm
10% 50 pl (0,00+0,05) cm

bakTepun

JlnameTp 30HbI OTCYTCTBUSA pOCTa

buonneHka

(0,00£0,05) c (0,00+£0,05) c (0,00+0,05) cm
(0,00+0,05) cm (0,00+0,05) cm (0,00+0,05) cm
(0,00£0,05) cm (0,00+0,05) cm (0,00£0,05) cm
(0,00£0,05) cm (0,00£0,05) cm (0,00£0,05) cm
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Ta6nuuya 2
MapameTpbl 061y4eHUs

Table 2
Irradiation parameters

JAnvHa BOJIHbI
(Hm)

MowHocTb nasepa
(mBT)

Mnowaab 30HbI
o6nyuyeHus (cm?)

MnoTHOCTb 3Heprum

Bpems (cek) (Ax/cm?)

20 2.51

40 5.00
(401£ 10) (25.00 = 1.71) (0.20 £0.01)

60 7.50

80 10.00

15 2.50

31 5.12
(660 +7) (39.70 £ 1,35) (0.24 £ 0,01)

45 7.50

61 10.09

diode laser (39.7 = 1.35 mW) with a beam area of (0.24 +
0.01) cm, the power of the diode laser was measured under
stable conditions using a Thermolab PM 100 power meter.
The temperature was maintained at 37 °C throughout the
irradiation. Equation 2 can be used to determine the two
lasers'respective energy densities [23]. Table 2 displays the
duration of the laser treatment.

Inactivation photodynamic test results

Fig. 1 and 2 show what happens to A. actinomy-
cetemcomitans and E. faecalis biofilms when they are
exposed to radiation.

A biofilm caused by A. actinomycetemcomitans was
able to survive after exposure to lasers and chlorophyll
photosensitizer.

P Fig. 3 and 4 show the percentage reduction of
E:Z” (2)  A. actinomycetemcomitans and E. faecalis biofilms,
respectively.
[EControl () —=— Control (-)
|—#— Control (+)

|-#— Blue Diode Lase
|—¥— Blue Diode Lase
|~#— Red Diode Laset
|—«— Red Diode Laser

Py - P P =
L 8 L &

Log CFU/mi
~
~n
1

b
(=]
1

Energy Density (J/cm?)

Puc. 1. }usHecnocob6HocTb 6GuonneHkn A. actinomycetem-
comitans npu 06Ay4eHUU C Pa3fIU4HON MNOTHOCTbIO IHEPrUU C
doToceHcUubmunusaTopom xnopodunn.

Fig. 1. A. actinomycetemcomitans biofilm viability in various laser
treatments with variations in energy density and the addition of
chlorophyll photosensitizer.

|—#— Control (+)

|—&— Blue Diode Laser
|—w— Blue Diode Laser +
|—&— Red Diode Laser
——Red Diode Laser + (

% . . . .

s KD
= [N
1 1

o«
o
1

Log CFU/mI

LT

7,6

7,5 T T T T T T

Energy Density (J/cm?)

Puc. 2. }KusHecnoco6HocTb 6uonneHku E. faecalis npu o6ny4e-
HWU C Pa3IN4HOMN NJIOTHOCTbIO 3HEPTUU C HPOTOCEHCMOGMAN3aTOPOM
xnopodunn.

Fig. 2. E. faecalis biofilm viability in various laser treatments
with variations in energy density and the addition of chlorophyll
photosensitizer.
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[ |Blue Diode Laser
[ |Blue Diode Laser + Ct
100 [ |Red Diode Laser
[ |Red Diode Laser + Ch
_ 80+ . ]
O\o [ =Ry
> — = N
£ 609 | N =
[V} L=
8
(0]
o
> 404
£
=
204
0
25 5 7.5 10
Energy Density (J/cm?)

Puc. 3. 3aBucumocTb peaykumm 6uonneHkun A. actinomycetem-
comitans oT NIOTHOCTU 3HEPrux Na3epHoOro o6y4eHus.

Fig. 3. Dependence of A. actinomycetemcomitans biofilm
reduction on laser irradiation energy density.

Blue Diode Laser
Blue Diode Laser + Chlorophyll

I
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_ 80+ =1
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g | . gl =
£ 60+ = &
) f{—' =
1<
[0
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2 404
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20
0
2,5 5 7,5 10
Energy Density (J/cm?)

Puc. 4. 3aBucumocTb pefykumu 6uonneHku E. faecalis B 3aBucu-
MOCTH OT M/JIOTHOCTU 3HEPTUM Na3ePHOro 06ay4eHus.

Fig. 4. Dependence of E. faecalis biofilm reduction on laser
irradiation energy density.

The results of a factorial ANOVA test showed no
significant differences between treatment groups
(p = 0). The 10 J/cm? energy-dense blue diode laser
treatment with 86.12% chlorophyll had the highest
percentage of A. actinomycetemcomitans biofilm
reduction, while the best decrease of E. faecalis biofilm
was achieved with 2.5 J/cm?,

Fluorescence test results

Testing with a fluorescent microscope to determine
how many bacteria have died. Fig. 5 to 8 display the
findings of the fluorescence test.

The 10 J/cm? energy-dense blue diode laser
treatment group had the highest percentage of A

actinomycetemcomitans biofilm death, and the addition
of chlorophyll caused 2122 cell deaths, according to the
fluorescence test results. When chlorophyll was added to
an energy of 10 J/cm?, 2189 cell deaths occurred.

Chlorophyll produced by katuk leaves has no direct
anti-bacterial activity. Chlorophyll becomes active as
a photosensitizer exogen when exposed to the right
spectrum. Triplet excitation creates radical oxygen species
that render bacteria inactive due to cell membrane
leakage. In this study, when blue and red diode lasers
stimulated the chlorophyll in katuk leaves, radical oxygen
species were made. These radical oxygen species killed
bacteria and stopped A. actinomycetemcomitan and E.
faecalis from making biofilms.

e

a b c d
f g h

Puc. 5. Pe3ynbtaThl BO3AeWCTBUS Ha 6aKTepuu A. actinomycetemcomitans cuHUM AUOAHBLIM nasepom: a — 2,5 [xk/cm?; b — 5 [k/cm?;
¢ - 7,5 Mx/cm?, d — 10 [I)K/cM?; U KpacHbIM AUOAHbIM nasepom: e — 2,5 [k/cm?; f — 5 [k/cm?; g — 7,5 ok/cm?; h — 10 Dx/cm2.

Fig. 5. Treatment results on A. actinomycetemcomitans bacteria with an energy-dense blue diode laser:a - 2.5J/cm? b - 5J/cm?; ¢ -
7.5J/cm?; d — 10 J/cm?; and energy density red diode laser treatment: e - 2.5J/cm? f-5J/cm? g - 7.5)/cm? h - 10 J/cm>2.
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a b c d

e f h
Puc. 6. Pe3ynbraTbl Bo3geNcTBUA Ha 6aKkTepumn A. actinomycetemcomitans ¢ po6aBneHnem xnopodunna CUHUM AUOAHBIM la3epom:
a - 2,5 k/cm?; b — 5 k/cm?; ¢ - 7,5 Ipk/cm?, d — 10 K/cM?; M KpacHbIM AUOAHBIM NladepoM: e — 2,5 [bk/cm?; f — 5 [k/cm?; g —
7,5 Mx/cm?; h — 10 Ix/cm2.
Fig. 6. Treatment results on A. actinomycetemcomitans bacteria with the addition of chlorophyll with an energy-dense blue diode laser:

a-2.5J)/cm%b-5J/cm? c-7.5J/cm? d - 10 J/cm? and energy density red diode laser treatment: e - 2.5 J/cm? f-5J/cm? g —
7.5J)/cm? h-10J/cm?2,

e

Puc. 7. Pe3ynbratbl BO34eACTBUA HA 6aKTepvm E. faecalis cuHum guogHbiM nasepom: a — 2,5 k/cm? b - 5 ﬂ,)K/CM2, c-7,5 x/cm?,
d - 10 Ixx/cm?; M KpacHbIM UoAHbIM nasepom: e — 2,5 [k/cv?; f — 5 [bk/cm?; g — 7,5 [k/cm?; h — 10 [pk/cm>?.

Fig. 7. The results of treatment on E. faecalis bacteria with an energy density blue diode laser:a - 2.5J/cm? b - 5J/cm?, ¢ - 7.5J/cm?;
d - 10 J/cm?; and energy density red diode laser treatment: e — 2.5 J/cm?,f-5J/cm?, g - 7.5J/cm? h - 10 J/cm2.

Puc. 8. PeayanaTbl BO3AencTBUSA Ha 6aKtepuu E. faecalis ¢ po6aBneHvem xnopodmnna CUHWUM JUOAHBIM fla3epom: a — 2,5 k/cm?; b —
5 [k/cm?; ¢ — 7,5 k/cm?, d — 10 [IK/CM?; M KpacHbIM AMOoAHbIM nasepoM: e — 2,5 k/cm?; f — 5 [k/cm?; g — 7,5 [k/cm?; h — 10 K/ cm?.
Fig. 8. Treatment results on E. faecalis bacteria with the addition of chlorophyll with an energy density blue diode laser: a — 2.5 J/cm?; b —
5J/cm?; ¢ - 7.5J)/cm? d - 10 J/cm?; and energy density red diode laser treatment: e — 2.5J/cm? f-5J)/cm?, g - 7.5J/cm? h - 10J/cm?.
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The A. actinomycetemcomitans biofilm was reduced
by 86.12% in the 10 J/cm? energy-dense blue diode
laser therapy with chlorophyll addition. The 2.5 J/
cm? red diode laser treatment without the addition of
chlorophyll had the largest reduction percentage of A.
actinomycetemcomitans biofilm (54.34%). The energy-
dense red diode laser treatment of 10 J/cm? with the
addition of chlorophyll produced the highest percentage
test results for the removal of E. faecalis biofilm, 86.41%.
The best way to get rid of E. faecalis biofilm was to use a
blue diode laser with a high energy density of 2.5 J/cm?
without adding chlorophyll.

Red diode laser treatment of Gram-positive bacteria
resulted in the greatest percentage of biofilm reduction.
Gram-positive bacteria have fluorescence emission
maxima at 622 nm and 617 nm, while gram-negative
bacteria have emission peaks at 630 nm and 615 nm
[24]. Gram-positive bacteria are more vulnerable to
singlet oxygen, making chlorophyll more effective at
killing them [25]. Gram-positive bacteria have a single
layer of teichoic acid and a thick, porous peptidoglycan
layer, while Gram-negative bacteria have two layers.

Gram-negative bacteria are more sensitive to physical
disturbances, with E. faecalis dying off at a higher rate
than A. actinomycetemcomitans.

Conclusion

The 10J/cm?energy-dense blue diode laser treatment
with chlorophyll addition had the largest reduction
percentage of A. actinomycetemcomitans biofilm, with a
reduction percentage of 86.12%. Without the addition of
chlorophyll, the red diode laser treatment reduced the
A. actinomycetemcomitans biofilm by 54.34% at a density
of 2.5 J/cm? While the red diode laser treatment with a
10 J/cm? energy density and the addition of chlorophyll
had the greatest percentage reduction for E. faecalis
biofilm (86.41%), the blue diode laser treatment with a
2.5 J/cm? energy density and the absence of chlorophyll
had the greatest percentage reduction for E. faecalis
biofilm (54.40%). So, when blue and red diode lasers hit
katuk leaves, the chlorophyll gets turned on. This makes
radical oxygen species, which kill bacteria and reduce
Aggregatibacter actinomycetemcomitans and E. faecalis
biofilms.

REFERENCES

Wibawa I.G.Y. et al. Aggregatibacter actinomycetemcomitans
sensitivity towards chlorophyll of Moringa leaf after activated by
diode laser. Dental Journal, 2016, Vol. 49(4), pp. 195-200

2. Setiawatie E.M. et al. Comparison of anti-bacterial efficacy of
photodynamic therapy and doxycycline on aggregatibacter
actinomycetemcomitans. Afr. J. Infect. Dis, 2018, Vol. 12(5), pp.
95-103

3. Setiawatie E.M. et al. An in vitro Anti-microbial Photodynamic
Therapy (aPDT) with Blue LEDs to Activate Chlorophylls of Alfalfa
Medicago sativa L on Aggregatibacter actinomycetemcomitans.
J.Int. Dent. Med. Res, 2016, Vol. 9(2), pp. 111-117

4.  Hajishengallis G and Chavakis T. Local and systemic mechanisms
linking periodontal disease and inflammatory comorbidities.
Nature Reviews Immunology, 2021,Vol. 21(7), pp. 426-440

5. Astuti S.D. et al. Combination effect of laser diode for
photodynamic therapy with doxycycline on a wistar rat model
of periodontitis. BMC Oral Health, 2021, Vol. 21(1), pp. 80. doi:
10.1186/512903-021-01435-0

6. Najafi K. et al. Oral cavity infection by Enterococcus faecalis:
virulence factors and pathogenesis. Reviews and Research in
Medical Microbiology, 2020, Vol. 31(2), pp. 51-60

7. Alghamdi F and Shakir M. The influence of Enterococcus faecalis
as a dental root canal pathogen on endodontic treatment. A
systematic review. Cureus, 2020, Vol. 12(3), pp. €7257. doi: 10.7759/
cureus.7257

8. Astuti S.D. et al. Effectiveness of Bacterial Biofilms Photodynamic
Inactivation Mediated by Curcumin Extract, Nanodoxycycline and
Laser Diode. Biomedical Photonics, 2020, Vol. 9(4), pp. 4-14. doi.
0rg/10.24931/2413-9432-2020-9-4-4-14

9.  MahT.F. Biofilm-specific antibiotic resistance. Future microbiology,
2012,Vol. 7(9), pp. 1061-1072

10. Heiby N. et al. Antibiotic resistance of bacterial biofilms.
International journal of antimicrobial agents, 2010, Vol. 35(4), pp.
322-332

11.  Astuti S.D. et al. The efficacy of photodynamic inactivation with
laser diode on Staphylococcus aureus biofilm with various ages of
biofilm. Infectious Disease Reports, 2020, Vol. 12(18736), pp. 68-74

12.  Almeida A. et al. Photodynamic inactivation of bacteria: finding
the effective targets. Future medicinal chemistry, 2015, Vol. 7(10),
pp. 1221-1224

HMTEPATVPA

Wibawa L.G.Y. et al. Aggregatibacter actinomycetemcomitans
sensitivity towards chlorophyll of Moringa leaf after activated by
diode laser // Dental Journal. - 2016. - Vol. 49(4). - P. 195-200

2. Setiawatie E.M. et al. Comparison of anti-bacterial efficacy of
photodynamic therapy and doxycycline on aggregatibacter
actinomycetemcomitans // Afr. J. Infect. Dis. — 2018. - Vol. 12(5).
-P.95-103

3. Setiawatie E.M. et al. An in vitro Anti-microbial Photodynamic
Therapy (aPDT) with Blue LEDs to Activate Chlorophylls of Alfalfa
Medicago sativa L on Aggregatibacter actinomycetemcomitans //
J. Int. Dent. Med. Res. - 2016.-Vol. 9(2). - P. 111-117

4.  Hajishengallis G and Chavakis T. Local and systemic mechanisms
linking periodontal disease and inflammatory comorbidities //
Nature Reviews Immunology. - 2021. -Vol. 21(7). - P 426-440

5. Astuti S.D. et al. Combination effect of laser diode for
photodynamic therapy with doxycycline on a wistar rat model of
periodontitis // BMC Oral Health. - 2021. - Vol. 21(1). - P. 80. doi:
10.1186/512903-021-01435-0

6. Najafi K. et al. Oral cavity infection by Enterococcus faecalis:
virulence factors and pathogenesis // Reviews and Research in
Medical Microbiology. - 2020. - Vol. 31(2). - P. 51-60

7. Alghamdi F and Shakir M. The influence of Enterococcus faecalis
as a dental root canal pathogen on endodontic treatment // A
systematic review. Cureus. - 2020. - Vol. 12(3). - P. e7257. doi:
10.7759/cureus.7257

8. Astuti S.D.et al. Effectiveness of Bacterial Biofilms Photodynamic
Inactivation Mediated by Curcumin Extract, Nanodoxycycline and
Laser Diode // Biomedical Photonics. - 2020. - Vol. 9(4). - P. 4-14.
doi.org/10.24931/2413-9432-2020-9-4-4-14

9. Mah T. F Biofilm-specific antibiotic resistance // Future
microbiology. - 2012. - Vol. 7(9). - P. 1061-1072

10. Heiby N. et al. Antibiotic resistance of bacterial biofilms //
International journal of antimicrobial agents. - 2010. - Vol. 35(4).
-P.322-332

11.  AstutiS.D. et al. The efficacy of photodynamic inactivation with laser
diode on Staphylococcus aureus biofilm with various ages of biofilm
// Infectious Disease Reports. — 2020. - Vol. 12(18736). - P. 68-74

12.  Almeida A. et al. Photodynamic inactivation of bacteria: finding
the effective targets // Future medicinal chemistry. - 2015. - Vol.
7(10).—P.1221-1224

20

BIOMEDICAL PHOTONICS T.12, Ne 1/2023



Permatasari P.A.D., Astuti S.D., Yaqubi A.K., Paisei E.A.W., Pujiyanto, Nasrul Anuar
Effectiveness of katuk leaf chlorophyll (Sauropus androgynus (L) Merr) with blue and red laser
activation to reduce Aggregatibacter actinomycetemcomitans and Enterococcus faecalis biofilm

20.

21.

22.

23.

24,

25.

BIOMEDICAL PHOTONICS T.12, N2 1/2023

Verhille M. et al. Modulation of photosensitization processes for
an improved targeted photodynamic therapy. Current medicinal
chemistry, 2010, Vol. 17(32), pp. 3925-3943

Mardianto A.l. et al. Photodynamic Potential of Blue Diode Laser
Inactivation with Chlorophyll Photosensitisers in Pseudomonas
aeruginosa and Staphylococcus aureus bacteria, Proc. SPIE
11789. Fourth International Seminar on Photonics, Optics, and
Its Applications ISPhOA, 2020, Vol. 117890J, pp. 11789. doi.
org/10.1117/12.2587052

Uliana M. P. et al. Photobiological characteristics of chlorophyll
a derivatives as microbial PDT agent. Photochemical &
Photobiological Sciences, 2014, Vol. 13, pp. 1137-1145
Perez-Galvez A. et al. Chemistry in the bioactivity of chlorophylls:
An overview. Current medicinal chemistry, 2017, Vol. 24(40), pp.
4515-4536

Astuti S.D. et al. Efficacy of CNC-diode laser combine with
chlorophylls to eliminate Staphylococcus aureus biofilm.
Publishing in International Seminar Sensors, Instrumentation,
Measurement, and Metrology (ISSIMM), IEEE Xplore, 2017, pp. 57-61.
doi.org/10.1109/ISSIMM.2016.7803722

Astuti S.D. et al. Photodynamic effectiveness of laser diode
combined with ozone to reduce Staphylococcus aureus
biofilm with exogenous chlorophyll of Dracaena angustifolia
leaves. Biomedical Photonic, 2019, Vol. 8(2), pp. 4-13. doi.
org/10.24931/2413-9432-2019-8-2-4-13

Sunarko S. A. et al. antimicrobial effect of pleomeleangustifolia
pheophytin A activation with diode laser to streptococcus
mutans. Journal of Physics: Conference Series, 2017, Vol. 853(1), pp.
012039. I0P Publishing.

Astuti S.D. et al. Chlorophyll mediated photodynamic inactivation
of blue laser on Streptococcus mutans. AIP Conference Proceedings,
2016, Vol. 1718, pp. 120001

Astuty S.D. et al. The Efficacy of Photodynamic Inactivation of the
Diode Laser in Inactivation of the Candida albicans Biofilms with
Exogenous Photosensitizer of Papaya Leaf Chlorophyll. J Lasers
Med Sci, 2019, Vol. 10(3), pp. 215-224

Nurdin, N. et al. Chlorophyll content of various types of plant
leaves and Cu-chlorophyll derivatives and their physico-chemical
characteristics. Journal of Nutrition and Food, 2009, Vol. 4(1), pp.
13-19

Yaqubi AK. et al. Effectiveness of purple led for inactivation
of Bacillus subtilis and Escherichia coli bacteria in in vitro
sterilizers. Biomedical Photonics, 2022, Vol. 11(4). pp. 4-10. doi.
0rg/10.24931/2413-9432-2022-11-4-4-10

Nitzan, Y. et al. ALA induced photodynamic effects on gram
positive and negative bacteria. Photochemical & Photobiological
Sciences, 2004, Vol. 3(5), pp. 430-435.

Huang L. et al. Type | and Type Il mechanisms of antimicrobial
photodynamic therapy: an in vitro study on gram-negative and
gram-positive bacteria. Lasers in surgery and medicine, 2012, Vol.
44(6), pp. 490-499.

14.

15.

17.

19.

20.

21.

22.

23.

24.

25.

Verhille M. et al. Modulation of photosensitization processes
for an improved targeted photodynamic therapy // Current
medicinal chemistry. - 2010. - Vol. 17(32). - P. 3925-3943
Mardianto A.l. et al. Photodynamic Potential of Blue Diode Laser
Inactivation with Chlorophyll Photosensitisers in Pseudomonas
aeruginosa and Staphylococcus aureus bacteria, Proc. SPIE
11789 // Fourth International Seminar on Photonics, Optics, and
Its Applications ISPhOA. — 2020. - Vol. 117890J. — P. 11789. doi.
org/10.1117/12.2587052

Uliana M. P. et al. Photobiological characteristics of chlorophyll
a derivatives as microbial PDT agent // Photochemical &
Photobiological Sciences. - 2014.-Vol. 13. - P. 1137-1145
Perez-Galvez A. et al. Chemistry in the bioactivity of chlorophylls:
An overview. Current medicinal chemistry. - 2017. - Vol. 24(40).
- P.4515-4536

Astuti S.D. et al. Efficacy of CNC-diode laser combine with
chlorophylls to eliminate Staphylococcus aureus biofilm //
Publishing in International Seminar Sensors, Instrumentation,
Measurement, and Metrology (ISSIMM), IEEE Xplore. — 2017. - P.
57-61. doi.org/10. 1109/ISSIMM.2016.7803722

Astuti S.D. et al. Photodynamic effectiveness of laser diode
combined with ozone to reduce Staphylococcus aureus
biofilm with exogenous chlorophyll of Dracaena angustifolia
leaves // Biomedical Photonic. — 2019. - Vol. 8(2). - P. 4-13. doi.
0rg/10.24931/2413-9432-2019-8-2-4-13

Sunarko S. A. et al. antimicrobial effect of pleomeleangustifolia
pheophytin A activation with diode laser to streptococcus mutans
// Journal of Physics: Conference Series. — 2017. - Vol. 853(1). - P.
012039. I0P Publishing.

Astuti S.D. et al. Chlorophyll mediated photodynamic inactivation
of blue laser on Streptococcus mutans // AIP Conference
Proceedings. - 2016.-Vol. 1718. - P. 120001

Astuty S.D. et al. The Efficacy of Photodynamic Inactivation of the
Diode Laser in Inactivation of the Candida albicans Biofilms with
Exogenous Photosensitizer of Papaya Leaf Chlorophyll // J Lasers
Med Sci. - 2019. - Vol. 10(3). - P. 215-224

Nurdin, N. et al. Chlorophyll content of various types of plant
leaves and Cu-chlorophyll derivatives and their physico-chemical
characteristics // Journal of Nutrition and Food. - 2009. - Vol. 4(1).
-P13-19

Yaqubi AK. et al. Effectiveness of purple led for inactivation of
Bacillus subtilis and Escherichia coli bacteria in in vitro sterilizers
// Biomedical Photonics. - 2022. - Vol. 11(4). - P. 4-10. doi.
0rg/10.24931/2413-9432-2022-11-4-4-10

Nitzan, Y. et al. ALA induced photodynamic effects on gram
positive and negative bacteria // Photochemical & Photobiological
Sciences. — 2004. - Vol. 3(5). - P. 430-435.

Huang L. et al. Type | and Type Il mechanisms of antimicrobial
photodynamic therapy: an in vitro study on gram-negative and
gram-positive bacteria // Lasers in surgery and medicine. - 2012.
-Vol. 44(6). — P. 490-499.

ORIGINAL ARTICLES

21



V9]
-
O
}_
(2’4
<
<
<
O,
&
O

Salih W.H., Hassan S.H.
The bactericidal effects of 632.8 nm He-Ne laser on Staphylococcus aureus colonies

THE BACTERICIDAL EFFECTS OF 632.8 NM HE-NE LASER
ON STAPHYLOCOCCUS AUREUS COLONIES

Salih W.H.!, Hassan S.H.?
'University of Technology and Applied Sciences, Suhar, Oman
2Al Neelain University, Khartoum, Sudan

Abstract

The bactericidal effect of 632.8 nm low level laser has been studied in order to point out both the effective power and laser exposure time on
Staphylococcus aureus, which is reported to be involved in several dermatology problems. Low level laser has been reported to be useful for
infected wounds, tissue necrosis, nerve injury, osteoarthritis or other chronic pain syndromes. Numerous studies have been conducted to quantify
the effective laser parameters, i.e. dose, power, and exposure time, which ultimately leads toward clinical implementation. Staphylococcus aureus
bacteria colonies were exposed to laser doses with powers of both 1 and 3 mW at different exposure times varies between 3 to 30 minutes. The
bacterial colonies were isolated from a patient with inflamed wounds. Two sets of bacterial colonies were prepared to be exposed to laser beam.
Next, the bacterial colonies were compared before and after exposing them to laser doses. The results showed that laser sessions have reduced the
number of the bacterial colonies for both doses; 1 and 3 mw at the different exposure times and concentrations. The results revealed significant
dose dependent bactericidal effects of He-Ne laser on Staphylococcus aureus at 3 mW for 30 minutes, which was found to be more effective in
reducing the amount of bacteria to the less than 2% of its initial count. The results exhibited the reduction of the number of colonies as a function
of exposure time. Appropriate doses of 632.8 nm can kill Staphylococcus aureus, suggesting that a similar effect may be used in clinical cases of
bacterial infection.

Keywords: Staphylococcus aureus, low level laser therapy, laser exposure.
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BAKTEPULIMOHBIMA SDPEKT HE-NE JTA3EPA (632,8 HM)
HA KONTOHMM STAPHYLOCOCCUS AUREUS

Salih W.H.', Hassan S.H.2
'University of Technology and Applied Sciences, Suhar, Oman
2Al Neelain University, Khartoum, Sudan

Pesiome

Hamu 6b1n 13yyeH 6aKkTePULMAHDIA 3ddEKT HU3KOUACTOTHOTO Nla3epa C ANMHON BOMHbI 632,8 HM C Lieniblo onpeaeneHnsa 3pGeKTMBHOM MOLL-
HOCTV 11 BpEMeHM BO3[EeNCTBIMA Nasepa Ha 6aktepun Staphylococcus aureus, y4acTBytoLime B matoreHese paga AepMaTtosiormyeckux 3abone-
BaHWI. PaHee npoBefeHbl MHOroUNCIeHHble UCCIEA0BAHUA KONMMUYECTBEHHON OLEeHKN 3GdeKTMBHbIX NapaMeTpoB fla3epa: CBETOBOW A03bl,
MJOTHOCTV MOLLHOCTM 1 BPEMEHU BO3AENCTBUA. B HacToALeM nccneaoBaHm Ha KonoHun 6aktepuid Staphylococcus aureus Bo3peicTBoBanm
Jla3epHbIM M3yYeHreM MOLHOCTbIO 1 1 3 MBT npu pa3Hom BpemeHn Bo3genctaus (ot 3 go 30 MuvH). KonoHnmn 6akTepuii 6biin BbigeseHbl
y 6071bHOIO C BOCNaNeHHbIMY paHamu. Bo3genctamne na3epom yMeHbLUMIIO KONMYECTBO H6aKTepuranbHbIX KOJIOHWI BO BCEX IKCMEPUMEHTAX.
Pe3ynbTaTbl BbIABMIN 3HaUMTENbHOE [J0303aBMCIMOE 6aKTEPHLIAHOE BO3AECTBIE reNnii-HEOHOBOTO Nlazepa Ha Staphylococcus aureus. Mpw
MoLLHOCTY 3 MBT Npu BO3AeNCTBIM B TeueHre 30 MVUH KONMYecTBO baKTepuii CHU3MNOCh A0 YPOBHA MeHee 2% OT ero nepBoHayaibHOro Konu-
yecTBa. Pe3ynbTaThl MOKa3anun ymeHbLUEHVE KONMYECTBA KOJIOHWI B 3aBUCMMOCTIN OT BPEMEH BO3AeNCTBUA. JTasepHoe nsnyyeHne Ha annHe
BOJHbI 632,8 HM 0bnafaeT 6akTepuLnAHbIM AelICTBEM B OTHOLLEHWM Staphylococcus aureus.

KnioueBble cnoBa: Staphylococcus aureus, HUSKOMHTEHCNBHAA fla3epHad Tepanus, BO34eNCTBUe JNlasepom.

OnsauntupoBanuma: Salih W.H., Hassan S.H. bakTtepuungHbin 3¢ ekt He-Ne nasepa (632,8 Hm) Ha konoHuun Staphylococcus aureus // Biomedical
Photonics. — 2023.-T. 12, N2 1. - C. 22-27. doi: 10.24931/2413-9432-2023-12-1-22-27.
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Introduction

Light therapy has been suggested as a potentially
effective medical treatment approach for a variety of
human conditions. Suggested amenable conditions
range from sleep disorders, photo-aged facial skin,
depression in the elderly, and treatment of acne vulgaris
to a variety of neuron-musculoskeletal conditions such
as peripheral neuropathy, second degree ankle sprains,
and osteoarthritis of the knee and cervical spin [1,2,3,4].
Therefore, the use of low level laser therapy (LLLT) has
become wide-spread in medicine [5,6,7].

LLLT is, mostly, used in clinical practice for the
promotion of tissue healing and pain control. Specific
applications of laser are diverse, in part, because each
of the involved mechanisms can be applied to a number
of body systems. Examples include management of
indolent or infected wounds, tissue necrosis due to
envenomation, nerve injury, osteoarthritis or other
chronic pain syndromes, fracture healing, tendinous
or ligamentous injury, and post-surgical incision care
[1,5,8]. Nevertheless, laser treatments that are intended
to stimulate protein synthesis in wounds may also reduce
the bacterial growth, which would further stimulate the
wound healing [9]. It's known that the bacterial infection
is the most common problems underlying chronic
wounds, therefore, there are limited options for the
management of infected wounds and bacterial colonies,
and some commonly used methods have undesired
side effects. For example, typical disinfectants, such as
hydrogen peroxide, that could eliminate certain bacteria
as well as being toxic to new granulation tissue. The
development of antibiotic resistant strains of bacteria
is a limiting factor in the prophylactic use of broad
spectrum antibiotics. Low-intensity laser therapy (LILT)
has been investigated as a bio-stimulatory modality for
the treatment of killing bacteria [5,10].

In the literature, three are several reports claimed
that LLLT/LILT can facilitate the healing processes of
many disorders. However, there is still significant debate
regarding the efficiency of laser in producing the desired
clinical response [8]. Among such studies, Ribeiro et al.
(2004) have investigated the influence of low intensity
polarized visible laser radiation on the acceleration of
skin wound healing. Their histological analysis showed
that the healing of irradiated wounds was faster than
that of non-irradiated wounds. Moreover, it was observed
that skin wound repair is dependent on polarization
orientation with respect to a referential axis [11].

Anotherfieldin which LLLT was used is the bactericidal
effects of laser. Nussbaum et al. (2002) have studied the
effects of 630, 660, 810, and 905 nm laser irradiation
at delivering radiant exposure of 1-50 J/cm?on three
species of bacteria (S. aureus (ATCC 29213), E. coli (ATCC
25299), and P. aeruginosa (ATCC 27853)). They found that
the applied LLLT to wounds, with radiant exposures in the

range of 1-20 J/cm?, could produce changes in bacterial
growth of considerable importance for wound healing.
A wavelength of 632.8 nm appeared to be the most
commonly associated with bacterial inhibition. Their
findings might be useful as a basis for selecting LLLT for
infected wounds [5]. In addition, Guffey & Wilborn (2006)
reported some bactericidal effects of 405 and 470 nm
light on two bacteria: S. aureus and P. aeruginosa. Their
results indicated that, in vitro, 405 and 470 nm blue light
produce dose dependent bactericidal effects S. aureus
and P. aeruginosa but not on P.acnes [1].

Moreover, LLLT finds its way to dentistry applications.
In this concern, Folwaczny et al. (2002) have studied the
antimicrobial effects of Er: YAG laser radiation on teeth
root surfaces. Depending on the number of laser pulses,
the bacterial load in the E. coli group has been reduced
by the Er: YAG laser radiation after exposure to 105 laser
pulses to 5.5% of the initial count, while the S. aureus
group was reduced to 15.1% of the initial count. Beside
the selective removal of plaque and calculus, the Er:
YAG laser radiation causes reduction in bacteria on root
surfaces [12]. However, the S. aureus has been reported to
be killed via He-Ne laser pulses, even for the methicillin-
resistant S. aureus (MRSA) [12,13].

On the other hand, Avram & Rogers (2009) have
tried to solve hair health problems, such as hair growth
through LLLT. Their results indicated that, on average,
patients had a decrease in the number of vellums hairs, an
increase in the number of terminal hairs, and an increase
in shaft diameter when they were exposed to laser
pulses. However, their results showed some limitations,
since some of their findings were not statistically
significant [14]. In addition, Avaci et al. (2014) have used
LLLT to stimulate the hair growth in mice, which were
subjected to chemotherapy induced alopecia and also
in alopecia aerate. Among various mechanisms, the
main mechanism is hypothesized to be stimulation of
epidermal stem cells in the hair follicle bulge and shifting
the follicles into anlagen phase [15].

In regards to the laser doses, the treatment dose is
calculated as the amount of energy (Watts) delivered
over a period of time or a specific tissue area. However,
doses are often listed as Watts (Joules per second) per
square centimetre or Joules (intensity of the energy
in Watts multiplied by the treatment time) per square
centimetre. Thus, the energy emitted per unit of time,
total energy administered, the size of the area being
treated and the treatment time are all important and
interrelated variables in determining the desired laser
doses [8]. Nevertheless, laser light is emitted either in a
continuous wave (CW) or pulsed form. When laser light
is emitted in pulses, the pulse frequency may impact
the effectiveness of the treatment. Other variables that
impact the effectiveness of the treatment include the
distance from the laser source to the tissue surface
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and the target tissue, the speed of movement over
the treatment area, and the number and frequency of
treatments [8]. In conclusion, the physiologic effects of
laser are reported to include stimulation of mitochondrial
activity, increased cell turnover, recruitment and
proliferation, modulation of the cellular metabolites
involved in the inflammatory response, vasodilatation,
involved in the inflammatory response, vasodilatation,
release of exogenous endorphins, and increased oxygen
availability in the tissues [10,16,17].

From the previously mentioned studies, the He-Ne
laser seems to have antimicrobial properties, with the
ability to kill a wide range of bacteria including E coli, P.
aeruginosa and S. aureus, which is reported to be involved
in several dermatology problems [18,19,20].

Therefore, one could propose that LLLT presents a
great opportunity in treating bacteria related diseases.
In this context, the current study is conducted to point
out the possibility of using laser therapy to reduce the
S. aureus count, as well as reporting the effective laser
parameters to achieve that.

Materials and methods

For this study, a bacterium sample has been collected
from a patient with an injury with inflammation, and then
cultured in media to get a pure culture for a specific type
of bacteria. The samples collection and processing were
conducted according to the local ethical committee of
Al Neelian University, the Sudan, and were in accordance
to the International Guiding Principles for Research
Involving Animals and Human Beings. The media for
Mannitol Salt Agar (MSA) have been taken in a flask and
dissolved in distilled water; the type of this medium was
used as selective media for the desired bacteria, S. aureus.
The solution was transferred to autoclave in order to
make it sterilized. The autoclave was used with a pressure
of 5 Pascal, under temperature of 121°C for 15 minutes.
Next, the media have been put on sterilized plates, and
then the bacteria were cultured by a sterile loop in plates
and incubated for 24 hours at 37 °C. After the growth
of the bacteria, they were a subject for further tests to
be classified as S. aureus using H,0, test. Samples from
colonies have been taken and placed in a tube then the
bacteria suspension was prepared. In order to do that,
1.5 g of Peptone water, which was measured by sensitive
balance, were added to 0.2 g of distilled water. The
mixture was subjected to sterilization by autoclave. Next,
10 ml was drained in a tube which contains Peptone
water. Bacteria have been taken by loop and cultured in
tube contained Peptone water.

Seven Eppendorf tubes in separate step were
sterilized. Each one of the tubes contained 1 ml from the
bacterial suspension. The next step was to expose the
tubes to He-Ne 632.8 nm laser with a power of 1 mw for
several time intervals: 3, 6,9, 12, 15 and 18 minutes. After

exposure to the laser beam, directly the samples drained
and cultured in 6 plates contain MSA media. The flame
used as sterilizer during the process culture. However,
one tube was used as a control, thus it has never been
subject to laser exposure. All of the plates involved in
this study were incubated for 24 hours, including the
control plate. After incubation, the growth colonies on
each plate were counted. The experiment was repeated
to check for the concentration of the suspension, which
was an important issue to estimate the bacterial growth
after exposing to laser doses.

In the dilution process, 6 empty tubes were used to
make a serial dilution from bacterial suspension. 0.1 ml
has been taken from the suspension by micro pipette
and drained in the first tube. The sample was shaken
and added to 0.9 ml of distilled water. Then, 0.1 ml of
this mixture was taken from the tube (numbered as tube
number one) using micro pipettes and placed in another
tube, labelled as the tube number two that contained 0.9
ml distilled water. This step was repeated for four times in
order to prepare six tubes. From each one of the previous
tubes, 0.1 ml of the solution was taken and cultured in
MSA media. After incubation for 24 hours, the bacteria
were grown on the plates and created colonies.

Colony counter was used to count the number
of colonies on each plate. The tube with bacterial

Puc. 1. KonoHuu Staphylococcus aureus, npo6a N°A1:

a — KOHTPOJIbHbIA 06paseul; b — KoloHMM nocne BO3AeNCTBUSA
na3epomMm B TeyeHue 3 MUH; C — KOJIOHUM Mocne BO3JENCTBUSA
nasepom B TeyeHue 6 MUH; d — KONOHUM nocne o6ny4eHus nase-
pom B TeyeHune 18 MuH.

Fig. 1. Snapshots of the Staphylococcus aureus plates of the
sample #A1: a - control sample; b — colonies after exposing
to laser for 3 minutes; ¢ —colonies after exposing to laser for
6 minutes; d — colonies after irradiation to laser for 18 minutes.
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Puc. 2. KonoHuu Staphylococcus aureus, npo6a N°A2:

a — KOHTpPOJibHbIA o6Gpasel; b — KONOHMM Nocne BO3AENCTBUSA
la3epom B Te4eHue 5 MUH; C — KOJIOHUU Noc/e BO3AeNCTBUSA nase-
poM B TeyeHue 15 MuH; d — KoIoHMM nocne o6ny4yeHus na3zepom
B TeyeHue 30 MUH.

Fig. 2. Snapshots of the Staphylococcus aureus plates of the
sample #A2: a — control sample; b — colonies after exposing
to laser for 5 minutes; ¢ —colonies after exposing to laser for
15 minutes; d — colonies after irradiation to laser for 30 minutes.

suspension of higher concentration have been selected
for further study, of which the tubes were exposed to
He-Ne 632.8 nm laser, using KZ-350-LB setup, at output
power of 3 mW with different exposure times (5, 10, 15,
20, 25 and 30 minutes). The number of colonies after
exposing to laser in each time interval was counted
in order to check for the decrease in the bacteria as a
function of exposing to laser.

Results and discussion

The numbers of colonies of the S. aureus bacteria in
the Eppendorf tubes have been counted both before
and after irradiating the bacteria to the laser. This way,
one sees whether they are affected by laser irradiation,
and the effective exposure time that helps to reduce the
bacteria to the minimum. Fig. 1a shows the colonies in
the control sample while Fig. 1d shows the bacteria after
laser exposure for 18 minutes. The same for sample N°A2
is presented in Fig. 2. Fig. 2a shows the control sample
while Fig. 2d shows the colonies after 30 minutes of laser
irradiation.

Table represents the number of the bacterial colonies
that counted for sample N2A2 every 5 minutes of exposing
to the laser, till almost bacteria are reduced to the
minimum. A plot of those results is presented in Fig. 3.

Ta6nuua

KonnyectBo KOonoHui GaKTepui npu pa3HOM BpPeMeHU
3Kcno3uuumn pnsa obpasua N°A2

Table

The bacteria colonies number as a function of exposure

time for sample #A2

Yucno KonoHum

Bpemsa skcnosuuun
(MuH)

0 500 + 25
5 400 + 22
10 220+ 14
15 175+8
20 97 +5
25 25+3
30 10+2
600
]
S 40
S
5 W0
$—
2w
=]
S 10
=4
0
0 5 10 15 20 25 30 35
Exposure Time in Minutes

Puc. 3. 3aBUCMMOCTb KOJIMYECTBA KOJIOHUIN GaKTepUi oT BpeMEHU
Nla3epHoOro BO3AenCTBUSA.

Fig. 3. The number of bacterial colonies as a function of the laser
exposure time.

In this study, two S. aureus bacteria samples were
exposed to a He-Ne laser source with a wavelength of
632.8 nm laser irradiation. The first one has been exposed
to a power of 1 mW for different exposure times; 3, 6, 9,
12, 15 and 18 minutes. However, for the second sample,
3 mW was used at exposure times of 5, 10, 15, 20, 25
and 30 minutes. This way, one can see the effective laser
parameters that could be used to reduce the bacteria to
the minimum.

From the experiments, one notices that the number
of bacterium colonies is decreased gradually as a
function of exposure time, mainly at a laser power of 3
mW. The reduction in the colonies number occurs due to
some effects and changes that laser is involved in. These
effects were reported to include making holes or pores
on the bacterial cells wall when they were subject to the
laser beam and released the contents of bacteria cells on
media [16,18].
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Another reason for such a decrease is the thermal
effect on the bacteria, which is produced by laser beam.
This heating makes vacuoles inside the cell that leads
to the killing of bacteria. Furthermore, laser is able to
produce some changes at both photochemical and
photobiological levels in bacterial cells, thus functions to
reduce the number of bacterial colonies [10,17].

Fig. 1a shows that the control sample contains
uncountable number of bacteria colonies, which means
that it is more than 500 colonies. When the sample was
exposing to laser, the number of colonies started to be
counted and then get reduced as a function of exposure
time. However, the colonies were not affected as happens
to the sample NeA2 due to the difference in both exposure
time and laser power, which is reduced dramatically from
the control, Fig. 2a to exposure of 30 minutes as in Fig. 2d.
The results show that using He-Ne with a wavelength of
632.8 nm at 3 mW for 30 minutes seems more effective to
reduce the amount of bacteria to the less than 2% of the
initial count. This facilitates and speeds up healing from
the S. aureus bacteria related diseases. Nevertheless, it is
well-known that this bacterium is involved in so many
skin infections, thus it can be easily treated using laser
as skin can be exposed directly to the laser and doesn’t
require sophisticated precautions.

The bactericidal effect of He-Ne laser was reported
in some studies to occur due to the production of
reactive oxygen species (ROS) in the cells of the bacteria,
which leads to cell death. Furthermore, the bactericidal
effect of He-Ne lasers appears to be dependent on the
intensity and duration of the laser treatment, with higher
intensities and longer durations generally resulting
in greater bactericidal activity. Some studies have

suggested that the bactericidal effect of He-Ne lasers
may be enhanced by the use of photosensitizers, which
can increase the production of ROS in bacteria when
exposed to light [21].

The current results allowed concluding that the laser
at a wavelength of 632.8 nm has a bactericidal effect
on S. aureus, which is involved in several dermatology
problems. Using He-Ne with a wavelength of 632.8 nm
at 3 mW for 30 minutes seems to be effective to reduce
the amount of bacteria to less than 2% of the initial
count.

Conclusion

The bactericidal effect of 632.8 nm low level laser
on S. aureus was examined through exposing several
bacterial colonies to He-Ne laser at different parameters.
The results showed that more than 98% of the bacteria
are killed when a wavelength of 632.8 nm at 3 mW for 30
minutes is used. This can be attributed to the production
of reactive oxygen species in the cells of the bacteria
which is reported in the literature to be associated
with the laser intensity, power and exposure time. The
research on the bactericidal effect of 632.8 nm low
level laser at certain power and exposure time could be
elaborated to find its way to clinical application since S.
aureus is reported to be involved in many dermatological
diseases.
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PHOTODYNAMIC THERAPY OF PSORIASIS
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Abstract

Photodynamic therapy (PDT) in the treatment of psoriasis remains the subject of much debate. There is no consensus in the scientific community
about effective and safe PDT regimens for psoriasis. Described in the published materials doses and concentrations of photosensitizers for psoria-
sis, as well as light doses, differ by dozens of times. The purpose of this review is to analyze the efficacy and safety profile of various PDT regimens
for psoriasis. Some studies demonstrate 100% effectiveness of the method in certain modes (complete or partial clearance of psoriasis foci after
PDT). In particular, such efficiency was obtained with the application of 20% 5-ALA (light dose 15 J/cm?) and 0.1% methylene blue (light dose 15 J/
cm?). The main factor limiting the use of PDT in psoriasis, and in some cases even being the reason for treatment interruption, is severe pain during
the irradiation procedure. This requires careful development of PDT regimens in patients with psoriasis.

Key words: photodynamic therapy, psoriasis, 5-aminolevulinic acid, 5-aminolevulinic acid methyl ester.
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DOOTOANHAMUYECK AA TEPATINS BOJIbHBIX
[MCOPMA3OM

E.B. Punonenko', B.L. Msanoea-Pagkesmny?

1«MOCKOBCKMI HAQYYHO-MCCNENOBATENCKMI OHKONOrMYECKUit MHCTMTYT um. [1.A. TfepueHa
— punman OIBY «<HaumoHanbHbIN MEAMUMHCKMIA MCCNENOBATENbCKMM LEHTP PAAMONOTUMY»
MunucrepcTea sgpasooxparerus Poceuitckon Penepaumu, Mockea, Poccus
2Poccuitckuit YumnsepeuteT apyxbsl Hapoaoes, Mocksa, Poccus

Pesiome

Mcnonb3oBaHne dotoanHammyeckon tepanun (GOT) B neyeHnn ncopmasa octaeTcs NPeaMeToM MHOMOUMCIIEHHbIX ANCKYCCUA. B HayuHom
coo6LLecTBE HET eANHOTrO MHEeHMA 06 3hpdeKTUBHDIX 1 6e3onacHbIx pexumax OAT npy ncopriase. OnucaHHble B IUTEPAType NPYIMEHAEMbIE
INA NeYeHnsn Ncoprasa fo3bl U KOHLEHTpauun GoToCeHCMOMIM3aTOPOB, a TakXKe CBETOBbIe [03bl Pa3NNYaloTcA B AecATKM pas. Llenbio HacTo-
Allero o63opa ABnAeTcA aHanu3 3epdeKTMBHOCTM 1 Npoduna 6€30MacHOCTM pasfnyHbIX cxem npumeHeHua ®OT npu ncopuase. Pag nccnepo-
BaHWI aeMoHcTpupyeT 100%-Hyto 3GPeKTMBHOCTb METOAa B ONpefeieHHbIX pexrmax (MoHoe v YacTUYHOE OUKLLEHKE O4YaroB Ncoprasa
nocne nposeaexHua OAT). B yacTHocTy, Takas 3GPeKTMBHOCTD Obina NoyueHa Npy NpuMeHeHun anmankaumm 20%-oi 5-AJIK (cBeToBas fo3a
15 Ix/cm?) 1 0,1%-ro meTnneHoBoro cuHero (cBetoBas Ao3a 15 [x/cm?). OCHOBHbIM GpakTopoMm, orpaHuumnBaiowm npumerHeHne OAT npu
ncopuase 1 B OTAENbHbIX CIyYasX Aaxe ABNALWMMCA NPUYNHON NPepbiBaHNA NIEYEHNA, ABAETCA CUiIbHaA 60/1€3HEHHOCTb BO BPEMSA NPo-
Lieaypbl 06nyyeHmns. 9To TpebyeT TiwaTenbHon oTpaboTkm pexkvmos OT y NaumMeHTOB ¢ NCOpUasom.

KnioueBble cnoBa: ¢OTO,D,VIHaMVILIECKaﬂ Tepanus, ncopuas, 5-aMMHONEBYNIMHOBAA KUCIIOTa, MeTMNOBbIN Bd)l/lp 5-aMVIHOﬂeByJ'IVIH0BOI7I Knc-
NOTbl.

Ansa yntupoBaHua: OunoHeHko E.B., iBaHoBa-PagkeBuny B.U. DoToarHammueckas Tepanusa 60nbHbIx ncopuasom // Biomedical Photonics. -
2023.-T.12,N2 1. - C. 28-36. doi: 10.24931/2413-9432-2023-12-1-28-36.

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

Psoriasis is a systemic immune-associated disease of
a multifactorial nature with a dominant role in the devel-
opment of genetic factors, characterized by accelerated
proliferation of epidermocytes and a violation of their dif-
ferentiation, immune reactions in the dermis and synovial
membranes, an imbalance between pro-inflammatory
and anti-inflammatory cytokines, chemokines; frequent
pathological changes in the musculoskeletal system [1].

Epidemiology

Psoriasis is one of the most common skin diseases.
The disease is equally common in both men and women
[2]. Data on the incidence of psoriasis vary significantly
in different regions, from 0.14% in East Asia to 5.32% in
Central Europe [3].

In general, the incidence is higher in the countries of
Eastern Europe and the countries of the Scandinavian
Peninsula [4]. A low incidence rate is observed among
people in Asia and Africa, in African Americans, Indians,
and Japanese [5].

In the Russian Federation in 2020, the prevalence of
psoriasis among the entire population was 227.2 per 100
thousand population, and the incidence was 52.5 per 100
thousand population [6]. According to official state statis-
tics in the Russian Federation, the prevalence of psoriasis in
2021 was 243.7 diseases per 100 thousand population, and
the incidence was 59.3 per 100 thousand population [1].

Etiology and pathogenesis

The development of psoriasis is primarily associated
with genetic predisposition, autoimmune disorders, and
environmental factors, including infections and stress
[7,8,9]. The pathogenesis of psoriasis is a multifactorial
process. One of the factors determining the development
of psoriasis is an increase in the expression of pro-inflam-
matory cytokines. For example, interleukin 17 and inter-
leukin 23 stimulate keratinocyte proliferation and increase
the secretion of TNF-a and chemokines that enhance den-
dritic cell activation, leading to inflammation [9,10,11,12].

Clinical manifestation

Psoriasis is characterized by diverse clinical manifesta-
tions from single abundantly scaly papules or pinkish-red
plaques to erythroderma, psoriatic arthritis, and general-
ized or limited pustular psoriasis. Rashes can be located on
any part of the skin, but most often, they appear on the
extensor surface of the limbs, scalp, and torso. Psoriatic
papules vary in size, intensity of the inflammatory reaction,
and infiltration that can be very significant and be accom-
panied by papillomatous and warty growths. In addition to
the skin and joints, psoriasis also affects the nail plates [13].

There are three stages in the development of pso-
riatic rashes [14]: 1) a period of progression or “bloom’,
when the elements of the rash continue to increase in

size, and this usually coincides with the appearance of
new rashes and a hyperemic border along their periph-
ery; 2) a stationary period, when the peripheral growth
of rashes has stopped, which usually coincides with the
cessation of the appearance of fresh rashes; 3) a period
of regression, or reverse the development of rashes. It
should be noted that the allocation of three stages in the
development of psoriatic rashes is only a scheme and
there are often deviations from it.

Therapy for psoriasis

Depending on the type of psoriasis, its localization,
degree, and severity, various therapy regimens are used
for treatment, including topical preparations (based on
salicylic acid, vitamin A, tar, etc.), local and systemic use
of corticosteroids, calcipotriene, oral systemic prepara-
tions (e.g. acitretin, cyclosporine, methotrexate), biolog-
ics (etanercept, infliximab, alefacept, efalizumab, and
ustekinumab), as well as ultraviolet B (UVB) photother-
apy and PUVA therapy [13,15,16].

Studies show high efficacy in the treatment of pso-
riasis of narrow-band ultraviolet B (NB-UVB, 311 nm) and
even excimer laser (308 nm) used as a monochromatic
UVB source [17]. These methods are currently used as
first-line therapy for stable plaque psoriasis. The first-line
therapy for the treatment of refractory psoriatic plaques
is PUVA therapy [18].

PDT

Photodynamic therapy (PDT) appears to be an attrac-
tive treatment option for psoriasis primarily due to its gen-
eral and cost-effectiveness [15]. The effectiveness of PDT
against various tumor and precancerous skin diseases
(including basal cell skin cancer [19], extramammary
Paget’s cancer [20], and mycosis fungoides [21]) has been
proven by numerous studies. At the same time, the use of
PDT in the treatment of psoriasis remains the subject of
numerous discussions. There is no consensus in the sci-
entific community about effective and safe PDT regimens
for psoriasis. In different studies, compounds of different
chemical groups are used as photosensitizers in doses and
concentrations that differ dozens of times. For example,
the effectiveness of the topical application of 5-ALA prep-
arations at concentrations from 0.1% to 20% is described.
The range of light dose used is also very wide (from 2 to 37
J/cm?). The total number of PDT courses and the duration
of the intervals between courses also differ.

The purpose of this review is to analyze the efficacy
and safety profile of various PDT regimens. A compari-
son of recent advances in this regard seems to be useful
for the further development of the PDT method for the
treatment of psoriasis.

Analysis of the published data did not reveal any
studies showing a 100% recovery in patients with pso-
riasis treated with PDT. However, several studies demon-
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strate 100% efficiency of the method in certain modes
(complete or partial clearance of psoriasis foci after PDT),
that is, all psoriasis foci respond (to a greater or lesser
extent) to PDT in certain modes. A very important argu-
ment in favor of the use of PDT in psoriasis is the fact that
several studies have shown that PDT blocks the uncon-
trolled production of inflammatory cytokines that lead
to T-lymphocyte apoptosis and inflammation during the
development of psoriasis [22,23]. Even in conditions of
incomplete purification of psoriasis foci, a decrease in
the intensity of the inflammatory process in them cer-
tainly alleviates the condition of patients.

The analysis of the scientific data made it possible
to identify 14 studies on the efficacy and safety of PDT
with various photosensitizers in patients with psoriasis.
Twelve studies assessed the effectiveness of PDT against
skin lesions of psoriasis, and two studies assessed the
effectiveness of PDT against nail psoriasis. The analysis
did not include studies in which PDT was performed in
combination with other therapies since the results of
such studies do not allow to assess the contribution to
the effectiveness of PDT. Comparison of the effectiveness
of individual PDT regimens was difficult due to the differ-
ent assessment methods used in the studies. In part of
the studies, the condition of patients was characterized
using various indices (NAPSI, SEl, and others), and in the
other part, the effectiveness was assessed as complete or
partial clearance of lesions.

In most of PDT studies for skin manifestations of psori-
asis (9/12), 5-ALA was used as a photosensitizer. In 8 cases
it was used in the form of an application, and in 1 case it
was given in the form of an oral solution. The concentra-
tion of the dosage form of 5-ALA for application varied
significantly, from 0.1% (1 study) to 20% (4 studies). The
effectiveness of PDT with the application of 5-ALA at a con-
centration of 20% was higher than for lower doses: up to
100% complete or partial clearance of psoriasis foci using
20% 5-ALA [24] versus only partial improvement in 37.5%
of patients after application of 5-ALA at a concentration of
0.1% [25]. At the same time, in a study by Radakovic-Fijan
et al. [26] when using 5-ALA at a concentration of 1%, the
overall efficiency (completely or partially cleared foci) was
97%, which is very close to the results of PDT for a concen-
tration of 5-ALA 20% (efficiency 100%) [24].

Studies were also analyzed that evaluated the effective-
ness of methylene blue (0.1%) [27], hypericin (0.05-0.25%)
[28], and 5-ALA methyl ester (ME-ALA) (16% ) [29] (one
study of each photosensitizer). All of the listed photosensi-
tizers showed high efficiency. Thus, after PDT with methy-
lene blue in 68% of patients with psoriasis, a decrease in
the severity of psoriasis by 75% or more was obtained [27].

The only reported adverse events in all studies were
pain, itching, and burning during the irradiation session,
and in some patients for some time after irradiation. For
several patients the study has been discontinued due to

Filonenko E.V., lvanova-Radkevich V.I.
Photodynamic therapy of psoriasis

severe pain (3/12 patients in the study by Schleyer et al.
[25] and 8/29 patients in the study by Radakovic-Fijan et
al. [26]). Even though many authors associate the devel-
opment of pain with the use of high light doses and a
high concentration of a photosensitizer, there is no defi-
nite certainty in this connection. For example, in a study
by Calzavara-Pinton et al. [29], in which the highest light
doses of all considered studies (37 J/cm?) and the high-
est concentration of 5-ALA (20%) were applied, only 4 out
of 17 patients experienced severe pain, and not a single
patient came out of studies due to severe pain. It seems
more likely that pain sensations may be related to the
radiation power density. In both studies, in which some
patients had to discontinue treatment, the power density
was 60 mW/cm? Unfortunately, the radiation power den-
sity for PDT was indicated not in all the studies, thus it is
not possible to reliably assess the relationship between
this indicator and the intensity of pain sensations.

When performing PDT of nails affected by psoriasis,
researchers used higher concentrations of photosensi-
tizers or higher light doses. In a study by Shaheen et al.
[30] nails were treated with 2% methylene blue solution,
in a study by Tehranchinia et al. [31] the light dose was
120 J/cm? after application of 5-ALA at a standard con-
centration of 20%. It should be noted that during irradia-
tion of nails affected by psoriasis, patients did not notice
severe pain as it was in PDT of skin foci, even when using
a light dose significantly higher than in all other studies
(120 J/cm?). The effectiveness of PDT in both studies was
assessed by the NAPSI index, which decreased after PDT
by 1.6-2.8 times.

New photosensitizers for PDT in psoriasis
The results of several experimental studies on the
evaluation of the efficacy and safety of new photosensi-
tizers in the treatment of psoriasis have been published.
Carrenho L.Z.B. et al. [32] report an immunosuppressive
effect of a form of porphyrin (5,10-diphenyl-15,20-di(N-
methylpyridinium-4-yl)porphyrin) in a mouse model of
psoriasis. According to this study, PDT with the speci-
fied photosensitizer led to a decrease in the level of
pro-inflammatory cytokines, neutrophil infiltration, and
proliferation of keratinocytes [32]. In a study by Liu H.Q.
et al. [33] the effectiveness of the photosensitizer a-(8-
quinolinoxy)phthalocyanine zinc against psoriasis was
evaluated. The authors report a decrease in HaCaT cell
proliferation and IL-17 mRNA expression after PDT with
the indicated photosensitizer. Another group of photo-
sensitizers promising for the treatment of psoriasis are
complexes based on NNO-vanadium (IV) tridentate. Lin
R.K.etal.[34] demonstrated the anti-inflammatory effects
of PDT with these photosensitizers in a mouse model of
psoriasis-like skin disease. After PDT, the expression of
cytokines IL-17 and IL-22 decreased, which indicates the
possibility of alleviating the symptoms of psoriasis.
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TaGnaumua

Pe3tome appeKTMBHOCTM PpOoTOAMHAMUYECKOM Tepanun y 60JibHbIX NCOpUa3om

Table

Summary of the effectiveness of photodynamic therapy in patients with psoriasis

Yucno
nawymeH-
TOB* /
Konunue-
CTBO OYa-
ros/

ABTOpbI

Boehncke  3/He yka-

etal, 1994 3aHO

[35] 3/not
specified

Collins et 22/80

al., 1997

[36]

Robinson 10/19

et al, 1999

[37]

Bisson- 12/He yKa-

nette etal, 3aHoO

2002 [38] 12/not
specified
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®doTo-
ceHcn6m-
nusatop

10% 5-AJIK,
annnuka-
uma sy
10% 5-ALA,
application
5h

20% 5-AJ1K,
annnuka-
uma 4y
20% 5-ALA,
application
4h

20% 5-AJK,
annnuka-
uma 4y
20% 5-ALA,
application
4h

PactBop
5-ANK
BHYTPb
5-15 mr/Kkr
5-ALA
solution
orally, 5-15
mg/kg

600-700
HM
600-700
nm

450-600
HM
450-600
nm

LLinpoko-
nosiocHoe
BUAMMOe
n3nyyeHune
Broad-
band
visible
radiation

417 M
417 nm

25
Ix/cm?
25 J/cm?

2-16
Ox/cm?
2-16
J/cm?

8 x/cm?
8 J/cm?

1-20
Ix/cm?
Dose,
1-20
J/cm?

Konu-
YyecTBO
KypcoB

oOAaT

3 pa3a
B Hep
3 times
a week

12

(3 paza
B Hep)
12

(3 times
a week)

12

(3 pasa
B Hep)
12

(3 times
a week)

1 pa3
B Hep
1 time
per week

dddekTnBHocTL OAT

SddektnHOoCTL OAT cono-

CTaBMMa C NpMmeHeHnem
ANTpaHoOnNa

The effectiveness of PDT is

comparable to the use of
dithranol

Db PeKTNBHOCTL (MOJHBIN
WX YaCTUYHBIN 3bPeKT)
25%.

3 80 ouaros:

14 — NnONHOE oYULLEHNE;

6 — CHUXXeHne nHaekca SEI

(aT aHrn. scale, erythema,

and induration - wenyuwe-

HVe, 3pnUTpemMa, OTBepae-

Hue) Ha 30-50%; 60 — He3Ha-
YNTENbHOE yNyylleHre Uan

OTCYTCTBME OTBETA
Efficiency (full or partial
effect) — 25%.

Of the 80 foci:

14 - complete cleansing;
6 — decrease in the SEI
index (at English scale,

erythema, and induration

- peeling, erythrema,

hardening) by 30-50%; 60
- slight improvement or no

response

O deKTMBHOCTL (MOSHbBIN
WM YaCcTUYHBIN b PeKT)
-74%

M3 19 ovaros:

4 — NoNHOE ounLLEeHNE;
10 - YacTnuHbIN 3P PeKT;
5 - oTcyTCTBME OTBETA
Efficiency (full or partial
effect) - 74%

Of the 19 foci:

4 - complete cleansing;
10 - partial effect;

5 -noresponse

HeXxenatenbHble
peakuumn

KxeHme Bo BpemA
ob6nyuyeHus
Burning during
radiation

MikeHne, nokanbl-
BaHue BO Bpems 1
nocne obnyyeHus
Burning, tingling
during and after
irradiation

bonb 1 gnuckomoopT
(80% nauveHTOB BO
BpPEMSs IeYeHuns n
50% mex gy npoueny-
pamn)

Pain and discomfort
(80% of patients
during treatment
and 50% between
treatments)

Tonbko go3a 15 Mr/kr noka- Jlerkoe »»eHue npu

3aNa yny4dleHune coctoaHna

nauuneHToB

Only the 15 mg/kg dose
showed improvement in
patients

BO3JEeNCTBMM CBETA
Mild burning on
exposure to light
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application

4-6 h

20% 5-AJIK, 630 Hm
annavka- 630 nm
uma4-5y
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application

4-5h

0,1%, 1% 1 600-740
5% 5-AJIK, Hm
annanka- 600-740
uma nm
0.1%, 1%

and 5%

of 5-ALA,
application

10% 5-AJIK, 600-750
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uma 4y 600-750
10% 5-ALA, nm
application

4h

5;10; 20

Ix/cm?

5;10; 20

J/cm?

10-30
Ix/cm?
10-30
J/em?

20 Ox/
cm?

20 J/cm?

2-8 x/
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2-8 J/cm?

2 pasa
B Hep,
6 Hep

2 times
a week,
6 weeks

1 pa3

B Hepg,
2-5 Hep
1 time
per week,
2-5
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2 times
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4 Hep
1time
per week,
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O PeKTNBHOCTL (MOJHBIN
WJIN YaCTUYHBIN 3dPeKT)
-97%

W3 63 ouaros:

8 — NoNIHOE ouuLIEeHNE;
53 - yacTMYHbIN 3 PeKT;
2 - OTCYTCTBME OTBETA
Efficiency (full or partial
effect) - 97%

Of the 63 foci:

8 — complete cleansing;
53 - partial effect;w2 — no
response

MHpekc SEl 3HaunTenbHo
CHM3UNCA Y BCeX NaLueH-
TOB, C MenaHbl 7 (Anana-
30H 5-9) no 1,5 (amanasoH
0-3)

The SEl index decreased
significantly in all patients,
from a median of 7 (range
5-9) to 1.5 (range 0-3)

[MonHoro ouulieHne He
3apermcTpupoBaHo.
YactnuHoe ynyulieHwue:
0,1% 5-AJIK - 37,5%;
1% 5-AJIK - 45,6%;

5% 5-AJIK - 51,2%
Complete clearance has not
been recorded.

Partial improvement:
0.1% 5-ALA - 37.5%;

1% 5-ALA - 45.6%;

5% 5-ALA - 51.2%

Mo 12 6anbHOM WKane
NCXOAHbIN MHAEKC CTEMNEHU
nopakeHus ncoprasa B
cpefgHeM cocTasun 6,6.
Yepes 6 Hep B ouarax 6e3
BO3eNcTBMA POTOCEHCMOU-
NM3aTopa MHAEKC COCTaBul
6,2, a Ansi oyaros, o6pabo-
TaHHbIX OOT - 4,2

On a 12-point scale,

the initial index of the
degree of psoriasis lesions
averaged 6.6. After 6
weeks, in the lesions
without exposure to the
photosensitizer, the index
was 6.2, and for the lesions
treated with PDT - 4.2

bonb, nokanbiBa-
HUe, XXXKeHue BO
Bpems 06J1yyeHunA

1 HECKOMbKO YacoB
nocrne y Bcex naum-
€HTOB (8 13 NcxogHo
BKJTIOUYEHHbIX B 1CCIie-
noBaHue 29 nauyu-
€HTOB MpeKpaTuIn
neyeHie B CBA3N C
CUJIbHbIMU 60NeBbIMIA
olyLeHnAMM)

Pain, tingling,
burning sensation
during and several
hours after exposure
in all patients (8 out
of 29 patients initially
included in the

study discontinued
treatment due to
severe pain)

MNpn pose ceeta

30 k/cm? MHOTUe
nayneHTbl NCMbITbl-
Banu 6one3HeHHble
OLLYLLEHNA, TO3TOMY
cBeTOBas Ao3a 6bina
CHIPKEHa

At a light dose of

30 J/cm?, many
patients experienced
pain, the light dose
was reduced

CunbHble 6oneBble
olyLLeHNA y Bcex
nayneHTos (3 n3
WNCXOLHO BKJIOYEH-
HbIX B UCCNIeJOBaHNE
12 nauneHTOB Npe-
KpaTuiv neyeHve B
CBA3U C CUNbHbIMMK
60neBbIMU OLLYyLLe-
HUAMK)

Severe painin all
patients (3 out of
12 patients initially
included in the
study discontinued
treatment due to
severe pain)

HekoTtopoe xxeHune
1 NMoKarsnblBaHUe BO
Bpemsa obnyyeHus,

B LIEJIOM JleyeHue
XOPOLUIO NePEHOCH-
Nocb BCeMY nauu-
€HTaMK, N HUKaKnX
ZOMONHUTENbHbIX
aHanbreTUKOB He Tpe-
60Banocb

Some patients
experienced

some burning and
stinging during the
irradiation, generally
the treatment was
well tolerated by

all patients and no
additional analgesics
were needed

32

BIOMEDICAL PHOTONICS T.12, N2 1/2023



Filonenko E.V., lvanova-Radkevich V.I.
Photodynamic therapy of psoriasis

Kim et al.,
2007 [24]

Salah et al,,
2009 [27]

Rook et al.,
2009 [28]

Calzavara-
Pinton et al.,
2013 [29]

Shaheen
etal, 2023
[30]

Tehran-
chiniaetal,
2020 [31]

3/He yKa-
3aHO
3/not
specified

16/16
16/16

11/He yKa-
3aHo
11/not
specified

17/He yKa-
3aHo
17/not
specified

29/HorTn
npasomn
pyKmn
29/nails of
the right
hand

8/35 HorTel
8/35 nails

20% 5-AJIK,
annavkaums
4y

20% 5-ALA,
application
4h

0,1% meTun-
JIEHOBbIN
CUHUIA
annankaumsa
0.1% of
methylene
blue,
application

0,05%, 0,1%
1 0,25%
rMnepuLH,
annanka-
ums, 24 4
0.05%, 0.1%
and 0.25%
of hypericin,
application,
24 h

M3-ANK
16% annnu-
Kaumsa 3-4 4
MAL

16%
application
for3-4h

2% meTu-
JIEHOBbIN
CUHWNA,
annaMkaumsa
24

2% of
methylene
blue,
application
for2h

20% AJIK,
annnukauua
3y

20% of
5-ALA,
application
3h

630 Hm 15
630 nm Ix/cm?
15 J/cm?
670 HM 5 Ox/cm?
670 nm 5J)/cm?
590-650 HM 8-20
590-650  [hk/cm?
nm 8-20
J/cm?
635 Hm 37
635 nm Ix/cm?
37 J/em?
585 HM 15 k/
585 nm cm?
15 J/cm?
630 Hm 120 O/
630 nm cm?
120 J/cm?

1 pa3 B
Hep, 7,10
123 Hep,
Oncea
week, 7,
10and 23
weeks

Het gaH-
HbIX

No data
available

2 pa3aB
Hepn,

3 Hep

2 times

a week,
3 weeks

B cpeg-
HeMm 3,6
(MHTep-
Ban
Mexay
Kypcamu
9,945,6
nHen)
On
average

courses
(interval
between
courses
9.9+5.6
days)

1 pa3B2
Heﬂ,

6 mec
1timein
2 weeks,
6 months

1pa3B

3 Hepn, 5
KypcoB
1timein
3 weeks,
5 courses

SbPeKTUBHOCTD (MONHBIN
WM YaCTUYHBIN 3 dEKT)
100%.

Mocne neyeHus Bo Bcex cny-
Yyasax Habnoaanocb He3Ha-
UnTeNbHOE UMK 3aMeTHOe
yrnyyleHme

Efficiency (full or partial
effect) 100%.

After treatment, in all
cases there was a slight or
noticeable improvement

SpdeKTUBHOCTL
(NOAHBIN AW YaCTUYHBI
3¢ dekT) 100%

Efficiency 100%

(full or partial effect)

Hab6ntopanochb ynyuweHve
KOXXHbIX MOPaKEHWI

An improvement in skin
lesions

W3 17 naumneHToB:

y 2 — yXyALeHne COCTOAHWS;
y 3 — He3HaumnTeNnbHOe KNK-
HMYECKOe YIyuylleHNe;

y 12 - cywjecTBeHHOe Knui-
HMYeCKOe yryuylleHue.

Y 5 (28%) KocmeTnuecKkuin

3 PEKT OLeHeEH, Kak oTnY-
HbIV

Of 17 patients:

in 2 — deterioration;

in 3 - slight clinical
improvement;

12 had significant clinical
improvement.

In 5 (28%), the cosmetic
effect was rated as excellent

[Moka3atenun nHaexkca NAPSI
ZNA MaTPULLbl HOFTA CHU3K-
NUCb B cpeaHem ot 7 go 4,5
The NAPSI index for the nail
matrix decreased from on
average from 7 to 4.5

Mokazatenu NAPSI 3Ha-
YUTENIbHO CHU3UNNCH C
5,97+1,29 B Havane nccnego-
BaHuA 10 4,29+1,44 Ha 15-1
Hegene n 2,11+1,27 B KOHUE
24-1 Hep HabnoaeHWA
nocne 3asepeHna OOT
NAPSI scores significantly
decreased from 5.97+1.29
at baseline to 4.29+1.44 at
week 15 and 2.11£1.27 at
the end of week 24 after
completion of PDT

He coobuanocb
Not reported

He coobuanocb
Not reported

Jlerkoe »KeHvie v 3yq
BO BpeMA NleyeHns
Mild burning and
itching during
treatment

bonb 1 xxeHne B
nepuog obnyyeHnsa y
13 (76%) nauneHTOB,
B TOM uncney 4 — cna-
6ble, y 4 — ymepeH-
Hble, y 4 — cusibHble
Pain and burning
sensation during
irradiation in 13 (76%)
patients, including 4
mild, 4 moderate, 4
severe

He6onbluve 6onesble
oLLyLLIeHUs BO Bpems
ceaHca obnyyeHus
Slight pain during the
radiation session

He coobuwanock o
cunbHol 60nu 1 anc-
KomdopTe BO Bpems
obnyyeHua

No severe pain or
discomfort was
reported during
irradiation

*yKa3aHo YMC/O NaLNeHTOB, 3aBePLUMBLLMX UCCNeJOBaHNeE C OLeHeHHbIM 3bdeKToM

*the number of patients who completed the study with an estimated effect is indicated
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The analyzed data leave no doubt that PDT is an
effective and promising treatment for psoriasis. The issue
under discussion is the choice of the optimal photosen-
sitizer, its dose (concentration for application), light dose,
and irradiation regimen.

Since there is evidence that protoporphyrin IX
(PpIX) accumulates with very high selectivity in
psoriasis lesions [40], it can be assumed that lower
concentrations of 5-ALA than those used for der-
mato-oncological indications may be sufficient to

Filonenko E.V., Ivanova-Radkevich V.I.
Photodynamic therapy of psoriasis

provide a beneficial clinical effect in psoriasis. This
is supported by data from studies in which 5-ALA
was used at a low concentration (1%) [26] but with
an efficiency close to studies of 20% 5-ALA [27]. In
addition, as some authors [40] believe, the main pur-
pose of PDT in psoriasis is probably not a cytotoxic
effect, which requires higher light doses, but rather
an immunomodulatory effect, which is believed to
require repeated exposure to lower photodynamic
doses over a longer period.

REFERENCES

Clinical recommendations of the Russian Federation 2023 «Pso-
riasis».

2. Kubanova A.A,, Kisina V.I, Blatun L.A. Rational pharmacotherapy
of skin diseases and sexually transmitted infections. Guidelines for
practicing physicians, 2005, p. 882.

3.  Lowes M.A,, Sudrez-Farifas M., Krueger J.G. Immunology of pso-
riasis. Annu. Rev. Immunol, 2014, vol. 32, pp. 227-255 doi: 10.1146/
annurev-immunol-032713-120225

4. Usatine R.P, Smith M.A., Maye E.J. Atlas of a practicing physician.
Dermatology, 2012, p. 536.

5. Kay Sh.K,, Stratigos D.A., Lio P.A., Johnson R.A. Pediatric der-
matology. Color Atlas and handbook / Kay Shu-Mei Kane et al.;
translated from English. edited by O.L. Ivanov, A.N. Lvova. - M.:
Panfilov Publishing House; BINOM. Laboratory of knowledge,
2011, p. 496.

6. Kubanov A.A., Bogdanova E.V. Dermatovenereology of Russian
Federation in 2020: Working Under a Pandemic. Vestnik Derma-
tologii i Venerologii, 2021, vol. 97(4), pp. 8-32. doi: https://doi.
0rg/10.25208/vdv1261

7. Zhang P, Wu M.X. A clinical review of phototherapy for psoriasis.
Lasers Med. Sci, 2018, vol. 33, pp. 173-180. doi: 10.1007/s10103-
017-2360-1

8.  Campbell J. Safe and effective use of phototherapy and photoche-
motherapy in the treatment of psoriasis. Br. J. Nurs, 2020, vol. 29,
pp. 547-552. doi: 10.12968/bjon.2020.29.10.547

9. Olisova O.Yu., Garanyan L.G. Epidemiology, etiopathogenesis,
comorbidity in psoriasis - new facts. Russian Journal of Skin and
Venereal Diseases (Rossiyskii Zhurnal Kozhnykh i Venericheskikh
Boleznei), 2017, vol. 20(4), pp. 214-219 (in Russian). doi: http://
dx.doi.org/:10.18821/1560-9588-2017-20-4-214-219

10. Fitch E., Harper E., Skorcheva |, Kurtz S.E., Blauvelt A. Pathophysi-
ology of psoriasis: Recent advances on IL-23 and TH17 cytokines.
Curr. Rheumatol. Rep, 2007, vol. 9, pp. 461-467 doi: 10.1007/
$11926-007-0075-1

11. Wang A., Bai Y.P. Dendritic cells: The driver of psoriasis. J. Dermatol,
2020, vol. 47, pp. 104-113. doi: 10.1111/1346-8138.15184

12. Ogawa E., Sato Y., Minagawa A., Okuyama R. Pathogenesis of pso-
riasis and development of treatment. J. Dermatol, 2018, vol. 45, pp.
264-272. doi: 10.1111/1346-8138.14139

13. Psoriasis. Guidelines for the diagnosis and therapy of various
forms of psoriasis and psoriatic arthritis. Monograph. — St. Peters-
burg: Publishing House of DEAN, 2014, p. 486

14. Terletsky O.V. Psoriasis. Differential diagnosis of “psoriasis-like” rare
dermatoses. Therapy. - St. Petersburg: DEAN, 2007, p. 512.

15. Menter A., Korman N.J.,, Elmets C.A., Feldman S.R. Gelfand
J.M., Gordon K.B., Gottlieb A., Koo J.Y.M., Lebwohl M., Lim H.W.
Guidelines of care for the management of psoriasis and pso-
riatic arthritis. Section 5. Guidelines of care for the treatment
of psoriasis with phototherapy and photochemotherapy. J.
Am. Acad. Dermatol, 2010, vol. 62, pp. 114-135. doi: 10.1016/j.
jaad.2009.08.026

J'II/ITEPATVPA

KnuHnueckue pekomeHgauum PO 2023 «Mcopmrasz»

2. Ky6aHoBa A.A., Kncvna B.W., BnatyH J1.A. PaunoHanbHasa dapmako-
Tepanus 3a6oneBaHNn KOXU 1 MHEKLWIA, NepefaBaeMblxX Moso-
BbiM MyTem // PyKoBOACTBO ANA NpaKTUKyowWmMx Bpayei. — 2005.
-C.882

3. Lowes M.A,, Suarez-Farifas M., Krueger J.G. Immunology of pso-
riasis // Annu. Rev. Immunol - 2014. - Vol. 32. - P. 227-255 doi:
10.1146/annurev-immunol-032713-120225

4.  Ycatue PI1., Cmut M.A,, Maiie 3.[1. ATnaccnpaBoUYHUK MPaKTUKY-
towero Bpaya. lepmatonorua. - 2012. - C. 536

5. Ken WK, Crpaturoc A.A., Jlno MN.A., >koHcoH PA. [leTckasa pgep-
matonorus // LiBeTHol atnac n cnpaBouHuk / Keii Ly-Men KaiH
n ap.; nep. c aurn. nog pea. O. J1. MBaHoBa, A. H. JlbBoBa. - M. :
W3patenbcTBo MaHounosa ; BUHOM. JTabopatopua 3HaHuiA. 2011.
-C.4%

6. Kubanov A.A., Bogdanova E.V. Dermatovenereology of Russian
Federation in 2020: Working Under a Pandemic // Vestnik Derma-
tologii i Venerologii. — 2021. - Vol. 97(4). - P. 08-32. doi: https://doi.
org/10.25208/vdv1261

7. Zhang P, Wu M.X. A clinical review of phototherapy for psoriasis
// Lasers Med. Sci. - 2018. - Vol. 33. - P. 173-180. doi: 10.1007/
s10103-017-2360-1

8.  Campbell J. Safe and effective use of phototherapy and photoche-
motherapy in the treatment of psoriasis // Br. J. Nurs. — 2020. - Vol.
29. - P.547-552. doi: 10.12968/bjon.2020.29.10.547

9. Olisova O.Yu., Garanyan L.G. Epidemiology, etiopathogenesis,
comorbidity in psoriasis — new facts // Russian Journal of Skin and
Venereal Diseases (Rossiyskii Zhurnal Kozhnykh i Venericheskikh
Boleznei). — 2017. - Vol. 20(4). - P. 214-219 (in Russian). doi: http://
dx.doi.org/:10.18821/1560-9588-2017-20-4-214-219

10. Fitch E., Harper E., Skorcheva I, Kurtz S.E., Blauvelt A. Pathophysiol-
ogy of psoriasis: Recent advances on IL-23 and TH17 cytokines //
Curr. Rheumatol. Rep. - 2007. - Vol. 9. - P. 461-467 doi: 10.1007/
$11926-007-0075-1

11. Wang A,, Bai Y.P. Dendritic cells: The driver of psoriasis // J. Derma-
tol. — 2020. - Vol. 47. - P. 104-113. doi: 10.1111/1346-8138.15184

12. Ogawa E,, Sato Y., Minagawa A., Okuyama R. Pathogenesis of pso-
riasis and development of treatment // J. Dermatol. - 2018. - Vol.
45.-P.264-272. doi: 10.1111/1346-8138.14139

13. Tcopwuas. PykoBOACTBO MO ANArHOCTUKE 1 Tepanumn pasHbix Gopm
ncopuasa n ncoputnyeckoro aptputa // moHorpadwma. — Cl6.:
W3p-so JEAH. - 2014. - C. 486

14. Tepneukun O.B. Mcopuas. AnddepeHumanbHas AMArHOCTMKA
«ncopmrasonofobHbIx» peaknx aepmatosos // Tepanua. — CI6.:
OEAH. -2007.-C.512

15. Menter A., Korman N.J., ElImets C.A., Feldman S.R., Gelfand J.M.,,
Gordon K.B., Gottlieb A., Koo J.Y.M., Lebwohl M., Lim H.W. Guide-
lines of care for the management of psoriasis and psoriatic arthri-
tis. Section 5. Guidelines of care for the treatment of psoriasis with
phototherapy and photochemotherapy // J. Am. Acad. Dermatol.
-2010.-Vol. 62. - P. 114-135. doi: 10.1016/j.jaad.2009.08.026

34

BIOMEDICAL PHOTONICS T.12, N2 1/2023



Filonenko E.V., Ivanova-Radkevich V.I.
Photodynamic therapy of psoriasis

16.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

BIOMEDICAL PHOTONICS T.12, N2 1/2023

Kwiatkowski S., Knap B., Przystupski D., Saczko J., Kedzierska E.,
Knap-Czop K., Kotlinska J., Michel O., Kotowski K., Kulbacka J. Pho-
todynamic therapy-Mechanisms, photosensitizers and combina-
tions. Biomed. Pharmacother, 2018, vol. 106, pp. 1098-1107. doi:
10.1016/j.biopha.2018.07.049

Mehta D., Lim H.W. Ultraviolet B Phototherapy for Psoriasis: Review
of Practical Guidelines. Am. J. Clin. Dermatol, 2016, vol. 17, pp. 125-
133. doi: 10.1007/540257-016-0176-6

Stern R.S. Psoralen and Ultraviolet A Light Therapy for Pso-
riasis. N. Engl. J. Med, 2007, vol. 357, pp. 682-690. doi: 10.1056/
NEJMct072317

Reshetov I.V., Korenev S.V., Romanko Yu.S. Modern aspects of pho-
todynamic therapy of basal cell skin cancer. Biomedical Photonics,
2022, vol. 11(3), pp. 35-39. doi: 10.24931/2413-9432-2022-11-3-
35-39

Filonenko E.V,, Ivanova-Radkevich V.I. Photodynamic therapy in
the treatment of extramammary Paget disease. Biomedical Pho-
tonics, 2022, vol. 11(3), pp. 24-34 doi: 10.24931/2413-9432-2022-
11-3-24-34

Filonenko E.V., Ivanova-Radkevich V.I. Photodynamic therapy in
the treatment of patients with mycosis fungoides. Biomedical Pho-
tonics, 2022, vol. 11(1), pp. 27-36 (in Russian). doi: 10.24931/2413-
9432-2022-11-1-27-36

Byun J.Y, Lee G.Y., Choi H.Y.,, Myung K.B., Choi Y.W.The expressions
of TGF-B1and IL-10 in cultured fibroblasts after ALA-IPL photo-
dynamic treatment. Ann. Dermatol, 2011, vol. 23, pp. 19-22. doi:
10.5021/ad.2011.23.1.19

Tandon Y.K,, Yang M.F,, Baron E.D. Role of photodynamic therapy in
psoriasis: A brief review. Photodermatol. Photoimmunol. Photomed,
2008, vol. 24, pp. 222-230. doi: 10.1111/j.1600-0781.2008.00376.x
Kim J.Y., Kang H.Y,, Lee E.S., Kim Y.C. Topical 5-aminolaevulinic
acid photodynamic therapy for intractable palmoplantar pso-
riasis. J. Dermatol, 2007, vol. 34, pp. 37-40. doi: 10.1111/j.1346-
8138.2007.00213.x

Schleyer V., Radakovic-Fijan S., Karrer S., Zwingers T., Tanew A,
Landthaler M., Szeimies R.M. Disappointing results and low toler-
ability of photodynamic therapy with topical 5-aminolaevulinic
acid in psoriasis. A randomized, double-blind phase I/l study.
J. Eur. Acad. Dermatol. Venereol, 2006, vol. 20, pp. 823-828. doi:
10.1111/j.1468-3083.2006.01651.x

Radakovic-Fijan S., Blecha-Thalhammer U., Schleyer V., Szeimies
R.M., Zwingers T., Honigsmann H., Tanew A. Topical aminolaevu-
linic acid-based photodynamic therapy as a treatment option
for psoriasis? Results of a randomized, observer-blinded study.
Br. J. Dermatol, 2005, vol. 152, pp. 279-283. doi: 10.1111/j.1365-
2133.2004.06363.x

Salah M., Samy N., Fadel M. Methylene blue mediated photody-
namic therapy for resistant plaque psoriasis. J. Drugs Dermatol,
2009, vol. 8, pp. 42-49

Rook A.H., Wood G.S., Duvic M., Vonderheid E.C., Tobia A., Cabana
B. A phase Il placebo-controlled study of photodynamic therapy
with topical hypericin and visible light irradiation in the treatment
of cutaneous T-cell lymphoma and psoriasis. J. Am. Acad. Derma-
tol, 2010, vol. 63, pp. 984-990. doi: 10.1016/j.jaad.2010.02.039
Calzavara-Pinton P.G., Rossi M.T., Aronson E., Sala R., Arpaia N., Bur-
tica E.C., Amerio P, Virgili A., Rossi R., Buggiani G. A retrospective
analysis of real-life practice of off-label photodynamic therapy
using methyl aminolevulinate (MAL-PDT) in 20 Italian dermatol-
ogy departments. Part 1: Inflammatory and aesthetic indications.
Photochem. Photobiol. Sci, 2013, vol. 12, pp. 148-157. doi: 10.1039/
c2pp25124h

Shaheen M.A., Dakhli A.O., Hassen S.I. Comparison between the
Efficacy of Intense Pulsed Light (.P.L.) versus Photo-dynamic
Therapy (P.D.T.) with Methylene-Blue in the Treatment of Psori-
atic nails. Photodiagnosis Photodyn Ther, 2023, vol. 19, p. 103298
doi: 10.1016/j.pdpdt.2023.103298. Epub ahead of print. PMID:
36682430

16.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Kwiatkowski S., Knap B., Przystupski D., Saczko J., Kedzierska E.,
Knap-Czop K., Kotlirska J., Michel O., Kotowski K., Kulbacka J. Pho-
todynamic therapy-Mechanisms, photosensitizers and combina-
tions // Biomed. Pharmacother. - 2018. - Vol. 106. - P. 1098-1107.
doi: 10.1016/j.biopha.2018.07.049

Mehta D., Lim H.W. Ultraviolet B Phototherapy for Psoriasis: Review
of Practical Guidelines // Am.J. Clin. Dermatol. - 2016.-Vol. 17. - P.
125-133. doi: 10.1007/s40257-016-0176-6

Stern R.S. Psoralen and Ultraviolet A Light Therapy for Psoriasis
//'N. Engl. J. Med. - 2007. - Vol. 357. — P. 682-690. doi: 10.1056/
NEJMct072317

Reshetov I.V., Korenev S.V., Romanko Yu.S. Modern aspects of pho-
todynamic therapy of basal cell skin cancer // Biomedical Photon-
ics.—2022.-Vol. 11(3). - P.35-39. doi: 10.24931/2413-9432-2022-
11-3-35-39

Filonenko E.V,, Ivanova-Radkevich V.I. Photodynamic therapy in
the treatment of extramammary Paget disease, Biomedical Pho-
tonics. - 2022. - Vol. 11(3). - P. 24-34 doi: 10.24931/2413-9432-
2022-11-3-24-34

Filonenko E.V., lvanova-Radkevich V.I. Photodynamic therapy in
the treatment of patients with mycosis fungoides // Biomedi-
cal Photonics. — 2022. - Vol. 11(1). — P. 27-36 (in Russian). doi:
10.24931/2413-9432-2022-11-1-27-36

Byun J.Y, Lee G.Y., Choi H.Y.,, Myung K.B., Choi Y.W.The expressions
of TGF-B1and IL-10 in cultured fibroblasts after ALA-IPL photody-
namic treatment // Ann. Dermatol. - 2011.-Vol. 23. - P. 19-22. doi:
10.5021/ad.2011.23.1.19

Tandon YK, Yang M.F, Baron E.D. Role of photodynamic ther-
apy in psoriasis: A brief review. Photodermatol. Photoimmunol.
Photomed. 2008. - Vol. 24. - P. 222-230. doi: 10.1111/j.1600-
0781.2008.00376.x

Kim J.Y.,, Kang H.Y., Lee E.S., Kim Y.C. Topical 5-aminolaevulinic acid
photodynamic therapy for intractable palmoplantar psoriasis
// ). Dermatol. - 2007. - Vol. 34. — P. 37-40. doi: 10.1111/j.1346-
8138.2007.00213.x

Schleyer V., Radakovic-Fijan S., Karrer S., Zwingers T., Tanew A.,
Landthaler M., Szeimies R.M. Disappointing results and low toler-
ability of photodynamic therapy with topical 5-aminolaevulinic
acid in psoriasis. A randomized, double-blind phase I/l study // J.
Eur. Acad. Dermatol. Venereol. - 2006. - Vol. 20. - P. 823-828. doi:
10.1111/j.1468-3083.2006.01651.x

Radakovic-Fijan S., Blecha-Thalhammer U., Schleyer V., Szeimies R.M.,
Zwingers T, Honigsmann H., Tanew A. Topical aminolaevulinic acid-
based photodynamic therapy as a treatment option for psoriasis?
Results of a randomized, observer-blinded study. Br. J. Dermatol. —
2005. - Vol. 152. - P. 279-283. doi: 10.1111/j.1365-2133.2004.06363.x
Salah M., Samy N., Fadel M. Methylene blue mediated photody-
namic therapy for resistant plaque psoriasis // J. Drugs Dermatol.
-2009.-Vol. 8. - P42-49

Rook A.H., Wood G.S., Duvic M., Vonderheid E.C., Tobia A., Cabana
B. A phase Il placebo-controlled study of photodynamic therapy
with topical hypericin and visible light irradiation in the treatment
of cutaneous T-cell ymphoma and psoriasis // J. Am. Acad. Derma-
tol. - 2010. - Vol. 63. - P. 984-990. doi: 10.1016/j.jaad.2010.02.039
Calzavara-Pinton P.G., Rossi M.T., Aronson E., Sala R., Arpaia N., Bur-
tica E.C,, Amerio P, Virgili A., Rossi R., Buggiani G. A retrospective
analysis of real-life practice of off-label photodynamic therapy
using methyl aminolevulinate (MAL-PDT) in 20 Italian dermatol-
ogy departments. Part 1: Inflammatory and aesthetic indications
// Photochem. Photobiol. Sci. - 2013. - Vol. 12. - P. 148-157. doi:
10.1039/c2pp25124h

Shaheen M.A., Dakhli A.O., Hassen S.I. Comparison between the
Efficacy of Intense Pulsed Light (I.P.L.) versus Photo-dynamic Ther-
apy (P.D.T.) with Methylene-Blue in the Treatment of Psoriatic nails
// Photodiagnosis Photodyn Ther. - 2023. - Vol. 19. - P. 103298
doi: 10.1016/j.pdpdt.2023.103298. Epub ahead of print. PMID:
36682430

REVIEWS OF LITERATURE

35



L)
o
)
'—
<
o2
Ll
'—
—
L
O
S
—
=
L
o

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

Tehranchinia Z., Barzkar N., Mohammad Riahi S., Khazan M. A
comparison of the effects of clobetasol 0.05% and photodynamic
therapy using aminolevulinic acid with red light in the treatment
of severe nail psoriasis. J. Lasers Med. Sci, 2020, vol. 11, pp. 3-7 doi:
10.15171/jlms.2020.02

Carrenho L.Z.B., Moreira C.G., Vandresen C.C., Gomes R., Gongalves
A.G., Barreira S.M.W., Noseda M.D., Duarte M.E.R., Ducatti D.R.B.,
Dietrich M. Investigation of anti-inflammatory and anti-prolifer-
ative activities promoted by photoactivated cationic porphyrin.
Photodiagnosis Photodyn. Ther, 2015, vol. 12, pp. 444-458. doi:
10.1016/j.pdpdt.2015.05.003

Liu H.Q, Wang Y.M, Li WF, Li C, Jiang ZH., Bao J, Wei JF,
Jin HT, Wang A.P. Anti-Psoriasis Effects and Mechanisms of
A-(8-Quinolinoxy) Zinc Phthalocyanine-Mediated Photodynamic
Therapy. Cell. Physiol. Biochem, 2017, vol. 44, pp. 200-214. doi:
10.1159/000484647

Lin RK., Venkatesan P, Yeh C.H., Chien C.M,, Lin T.S,, Lin C.C,, Lin
C.C,, Lai PS. Effective topical treatments using innovative NNO-
tridentate vanadium(iv) complexes-mediated photodynamic
therapy in a psoriasis-like mouse model. J. Mater. Chem. B, 2022,
vol. 10, pp. 4759-4770. doi: 10.1039/D2TB00344A

Boehncke W.H., Sterry W., Kaufmann R. Treatment of psoriasis by
topical photodynamic therapy with polychromatic light. Lancet,
1994, vol. 343, pp. 801. doi: 10.1016/5S0140-6736(94)91883-X
Robinson D.J., Collins P, Stringer M.R., Vernon D.I., Stables G.I.,
Brown S.B., Sheehan-Dare R.A. Improved response of plaque pso-
riasis after multiple treatments with topical 5-aminolaevulinic
acid photodynamic therapy. Acta Derm. Venereol, 1999, vol. 79, pp.
451-455. doi: 10.1080/000155599750009898

Collins P, Robinson D.J., Stringer M.R,, Stables G.I., Sheehan-Dare
R.A.The variable response of plaque psoriasis after a single treat-
ment with topical 5-aminolaevulinic acid photodynamic therapy.
Br. J. Dermatol, 1997, vol. 137, pp. 743-749. doi: 10.1111/j.1365-
2133.1997.tb01111.x

Bissonnette R., Tremblay J.F,, Juzenas P, Boushira M., Lui H. Sys-
temic photodynamic therapy with aminolevulinic acid induces
apoptosis in lesional T lymphocytes of psoriatic plaques. J.
Investig. Dermatol, 2002, vol. 119, pp. 77-83. doi: 10.1046/j.1523-
1747.2002.01827.x

Fransson J., Ros A.M. Clinical and immunohistochemical evalua-
tion of psoriatic plaques treated with topical 5-aminolaevulinic
acid photodynamic therapy. Photodermatol. Photoimmunol.
Photomed, 2005, vol. 21, pp. 326-332. doi: 10.1111/j.1600-
0781.2005.00182.x

Smits T., Kleinpenning M.M., Van Erp P.E.J., Van De Kerkhof P.C.M.,
Gerritsen M.J.P. A placebo-controlled randomized study on
the clinical effectiveness, immunohistochemical changes and
protoporphyrin IX accumulation in fractionated 5-aminolaevu-
linic acid-photodynamic therapy in patients with psoriasis. Br.
J. Dermatol, 2006, vol. 155, pp. 429-436 doi: 10.1111/j.1365-
2133.2006.07290.x

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Filonenko E.V., Ivanova-Radkevich V.I.
Photodynamic therapy of psoriasis

Tehranchinia Z., Barzkar N., Mohammad Riahi S., Khazan M. A
comparison of the effects of clobetasol 0.05% and photodynamic
therapy using aminolevulinic acid with red light in the treatment
of severe nail psoriasis // J. Lasers Med. Sci. - 2020. - Vol. 11.- P. 3-7
doi: 10.15171/jlms.2020.02

Carrenho L.Z.B., Moreira C.G., Vandresen C.C., Gomes R., Goncalves
A.G., Barreira S.M.W., Noseda M.D., Duarte M.E.R.,, Ducatti D.R.B.,
Dietrich M. Investigation of anti-inflammatory and anti-prolifera-
tive activities promoted by photoactivated cationic porphyrin //
Photodiagnosis Photodyn. Ther. — 2015. - Vol. 12. - P. 444-458. doi:
10.1016/j.pdpdt.2015.05.003

Liu H.Q, Wang Y.M,, Li W.F, Li C,, Jiang Z.H., Bao J., Wei J.F, Jin H.T,,
Wang A.P. Anti-Psoriasis Effects and Mechanisms of A-(8-Quino-
linoxy) Zinc Phthalocyanine-Mediated Photodynamic Therapy
// Cell. Physiol. Biochem. - 2017. - Vol. 44. - P. 200-214. doi:
10.1159/000484647

Lin RK., Venkatesan P, Yeh C.H., Chien C.M,, Lin T.S,, Lin C.C,, Lin
C.C,, Lai PS. Effective topical treatments using innovative NNO-tri-
dentate vanadium(iv) complexes-mediated photodynamic ther-
apy in a psoriasis-like mouse model // J. Mater. Chem. B. - 2022.
-Vol. 10. - P. 4759-4770 doi: 10.1039/D2TB00344A

Boehncke W.H., Sterry W., Kaufmann R. Treatment of psoriasis by
topical photodynamic therapy with polychromatic light // Lancet.
- 1994. - Vol. 343. - P.801 doi: 10.1016/50140-6736(94)91883-X
Robinson D.J., Collins P, Stringer M.R., Vernon D.I., Stables G.I.,
Brown S.B., Sheehan-Dare R.A. Improved response of plaque pso-
riasis after multiple treatments with topical 5-aminolaevulinic
acid photodynamic therapy // Acta Derm. Venereol. - 1999. - Vol.
79. - P.451-455 doi: 10.1080/000155599750009898

Collins P, Robinson D.J., Stringer M.R., Stables G.I., Sheehan-Dare
R.A.The variable response of plaque psoriasis after a single treat-
ment with topical 5-aminolaevulinic acid photodynamic therapy
// Br. J. Dermatol. - 1997. - Vol. 137. — P. 743-749 doi: 10.1111/
j.1365-2133.1997.tb01111.x

Bissonnette R., Tremblay J.F, Juzenas P, Boushira M., Lui H. Sys-
temic photodynamic therapy with aminolevulinic acid induces
apoptosis in lesional T lymphocytes of psoriatic plaques // J. Inves-
tig. Dermatol. - 2002. - Vol. 119. - P. 77-83. doi: 10.1046/j.1523-
1747.2002.01827.x

Fransson J., Ros A.M. Clinical and immunohistochemical evalua-
tion of psoriatic plaques treated with topical 5-aminolaevulinic
acid photodynamic therapy // Photodermatol. Photoimmunol.
Photomed. - 2005. - Vol. 21. - P. 326-332. doi: 10.1111/j.1600-
0781.2005.00182.x

Smits T., Kleinpenning M.M., Van Erp PE.J., Van De Kerkhof PC.M,,
Gerritsen M.J.P. A placebo-controlled randomized study on the
clinical effectiveness, immunohistochemical changes and pro-
toporphyrin IX accumulation in fractionated 5-aminolaevulinic
acid-photodynamic therapy in patients with psoriasis // Br. J.
Dermatol. - 2006. - Vol. 155. — P. 429-436 doi: 10.1111/j.1365-
2133.2006.07290.x

36

BIOMEDICAL PHOTONICS T.12, N2 1/2023



ANBAA
S EENYe

(DOTOPAH E6

Xnopun E6

, \‘_‘—___/

“ooropans 4
.

= Moty ]
i mw”mmvmm 50 Mr

« 50 mr

_—
1dbnakoy | X W

HOBbIN POCCUUCKWU NMPEMNAPAT
ond ®oTOOUMHAMUYECKOM TEPANUKA

[leicTByIOLLEE BELLECTBO OTCyTCTBME OTCyTCTBUE renaTo u
NPUPOLHOMO annepruveckmx peaxumii He(pOTOKCUYHOCTH,
MPOUCXOXLEHMS HW3Kast POTOTOKCUYHOCTb
BbICTPOE HaKoMMEeHWe B [nvTenbHoe xpaHeHune HVSKas CTOMMOCTE
MaTONOrMYECKOM TKaHU — 6es notepn akTMBHOCTK
1,5-3 yaca BellecTsa - 3 roga

NMAPTHEPDI:

/&
5
FBY3 UenaBumckuit ofnacTHoi knummseckuit
HauWoHanbHbIA MEAUUMHCKMA  Anbired 1YBNUKAHCKUA HEHTD:CHRODIOM Y ARGPHON MaRVLANCE
n:

MCCIEAOBATE LCKMIA LIEHTP OHKONOMMKM OHKONOTHUECKUi aucnatcep

Mo Bonpocam +7 (495) 659-64-93

HAYK

npuobpeTeHns +7 (499) 726-26-98



17« GOTOOUTA3UH

R4
[fotoditazin]
POTOCCHWIBUANSATOP XAOPUHOBOTO PIAC

4 \.‘. .

7% QOTOAUTASMH - X1 7% GOTOAUTATESS |
= [

HIPAT AR PpHTOTCBNGI YA |

] [IN8 HAPYKHOTO NPUMEHEHMS.

[fotoditazin] &= [fotoditagel

‘pacteopa ann webyara

[ob-NIeHETPaTOp [enb KOCMETHYeCcknH
Bnb-

CBETOBOrO N3ny4eHNA

«OOTOANTASNH®» npumeHseTca ana GnoopecLeHTHON ANAarHOCTUKN N OTOANHAMUYECKOK
Tepanun OHKONOrMUYecKnx 3a60neBaHmni pas3nnyHbiX HO3010rMUeCcKux opm, a Tak Xe naTono-
MM He OHKONTIOTMUYECKOro XapaKTepa B CneayoLmx 06nacTax MeauLMHbI:

& nepmaronorus &  odransmonorus

&  runekonorus &  tpasmatonorus

@  yponorus n opToneaus

@  Topaxanbhas &  kom6yctnonorus
XUpyprus &  rHoiHas

&  cromatonorus Xupyprus

&  Heipoxupyprus & anrvonorus

B cooTsetcTtBuM ¢ npukasamy MAHNCTEPCTBA 3[JPABOOXPAHEHWSA PO:

Mpuka3z NO 1629H oT 29 fekabps 2012 1. «06 yTBEPHAEHNY NepeyHs
BW[10B BbICOKOTEXHOMOTMYHOWN MEAVLIMHCKOM NOMOLLA»

Mpwrka3 N2 915H oT 15 HOA6pA 2012 . «O6 yTBEPX/AEHMM NOPsAAKa
OKa3aHMA MeJULMHCKOW NOMOLLM B3POCAOMY HaCeNeHuo
no NpoMuo ,,0HKONOrnNs"»

OO@ DA TPAHA
123056, T. 33, V1. CVIH n. 27,4

. ra
Ten.: +7 (499 61-81, i@ 250-40%00
E-mail: fotoditaZin@mail. :

www.fotoditazin.com
www.dooToauTasnH.pdd

»






