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SPECTROSCOPIC STUDY OF METHYLENE BLUE IN VIVO: 
EFFECTS ON TISSUE OXYGENATION AND TUMOR 
METABOLISM
Pominova D.V.1,2, Ryabova A.V.1,2, Skobeltsin A.S1, Markova I.V.2, Romanishkin I.D.1, 
Loschenov V.B.1,2

1Prokhorov General Physics Institute of Russian Academy of Sciences, Moscow, Russia
2National 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, 

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 I.D., Loschenov V.B., Spectroscopic study of methylene blue 
in vivo 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

Pominova D.V., Ryabova A.V., Skobeltsin A.S., Markova I.V., Romanishkin I.D., Loschenov V.B.
Spectroscopic study of methylene blue in vivo: effects on tissue oxygenation and tumor metabolism

СПЕКТРОСКОПИЧЕСКОЕ ИССЛЕДОВАНИЕ 
МЕТИЛЕНОВОГО СИНЕГО IN VIVO: ВЛИЯНИЕ НА 
ОКСИГЕНАЦИЮ ТКАНЕЙ И ОПУХОЛЕВЫЙ МЕТАБОЛИЗМ

Д.В. Поминова1,2, А.В. Рябова1,2, А.С. Скобельцин1, И.В. Маркова2, И.Д. Романишкин1, 
В.Б. Лощенов1,2 
1Èíñòèòóò îáùåé ôèçèêè èì. À. Ì. Ïðîõîðîâà Ðîññèéñêîé àêàäåìèè íàóê, Ìîñêâà, Ðîññèÿ
2Íàöèîíàëüíûé èññëåäîâàòåëüñêèé ÿäåðíûé óíèâåðñèòåò «ÌÈÔÈ», Ìîñêâà, Ðîññèÿ

Резюме
Метиленовый синий (МС) является перспективным фотосенсибилизатором для терапии патологических новообразований, поскольку 
обладает как фотодинамической активностью (при лазерном облучении), так и окислительно-восстановительными и каталитическими 
свойствами (в отсутствии света). В рамках данной работы при помощи спектроскопических методов было проанализировано влияние 
внутривенного введения МС на тканевую оксигенацию гемоглобина на малых животных in vivo в опухоли и нормальных тканях. Про-
веден анализ влияния МС на клеточный метаболизм. Показано, что применение МС способствует увеличению потребления кислорода 
опухолью, а также приводит к сдвигу метаболизма в сторону окислительного фосфорилирования.

Ключевые слова: метиленовый синий, оксигенация, опухолевый метаболизм

Для цитирования: Поминова Д.В., Рябова А.В., Скобельцин А.С., Маркова И.В., Романишкин И.Д., Лощенов В.Б. Спектроскопическое 
исследование метиленового синего in vivo: влияние на оксигенацию тканей и опухолевый метаболизм // Biomedical Photonics. – 2023. – 
Т. 12, № 1. – С. 4–13. doi: 10.24931/2413–9432–2023–12–1-4-13.

Контакты: Поминова Д.В.., 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 

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 

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 1α 

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. 

engaged in the development of PDT methods [15-19]. 
PDT has a number of advantages over other methods: it 

procedure can be repeated many times, since there are 

procedure is carried out on an outpatient basis, provides 

safety of PDT have been proven by numerous clinical 

studies and active practical use [20-22]. A problem for 

for example, many tumors of the prostate and pancreas.
One of the interesting PS is MB, which, in addition 

properties. In the 1930s, MB was actively researched [23-

however, after the advent of other antidotes [27], 

was abandoned for decades. According to a pioneering 
work [28], MB increases oxygen consumption by tissues 

is approximately proportional to the enzymatic capacity 

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 O2 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 I and III and/or providing partial restoration 
of the Krebs cycle [33], whenever NADH is oxidized by 
MB or even resuscitation of the mitochondrial electronic 

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 

cytoplasm and mitochondria of any cells, including 

on the concentration of the redox state of its immediate 

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/

on oxygenation and tumor metabolism using video 

study was undertaken to characterize the metabolic 

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 

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 
µL 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 = 
(L×W2) × 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 mm3 
correspondingly). All measurements were triplicated.

MB was administered intravenously into the tail vein 

Fluorescence was excited by laser radiation with a 660 
nm wavelength.

using a black-and-white camera MQ013RG-ON (Ximea, 
Korea), with extended sensitivity in the near-infrared 

in the range of 700-750 nm. The setup is shown in Fig. 1.

which was further processed. After the injection of the 
dye, the mouse remained under laser irradiation for 5 

following method was used to assess pharmacokinetics 

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

tumor and in the normal tissue was carried out by 

LESA-01-Biospec (Biospec, Russia). The device allows 

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 

Рис. 1. Схематичное изображение расположения видеока-
меры, источника лазерного излучения и мыши для флуорес-
центной визуализации метиленового синего in vivo, фото 
животного с опухолью на правой лапе (красный квадрат) в 
обычном цвете и в флуоресцентном режиме.

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.

Pominova D.V., Ryabova A.V., Skobeltsin A.S., Markova I.V., Romanishkin I.D., Loschenov V.B.
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with a wavelength of 632.8 nm was used to excite MB 

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 

The assessment of the concentration of the drug in 

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. 

were recorded under excitation by a laser source with a 
wavelength of 632.8 nm. Based on the obtained spectra, 

phantom, equal to the ratio of the area under the MB 

radiation peak. Using the calibration curve, a one-to-one 

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 

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 hemoglobin oxygenation measurement is based 

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 

spectra registration in vivo (Fig. 2a) and characteristic 
absorption spectra of oxygenated and deoxygenated 
hemoglobin forms (Fig. 2b). 

to the biological object passed through the tissue, 
experiencing scattering and absorption, and entered 

were in light contact with the test tissue in order to 

Рис. 2. Схема экспериментальной установки для измерения спектров обратного диффузного рассеяния in vivo (a) и характери-
стические спектры поглощения оксигенированной и деоксигенированной форм гемоглобина (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).

а 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. 

the spectral radiative characteristic of the light source on 
the detected signal, the measurements were carried out 
relative to a standard sample (BaSO4

The measurement technique is described in more detail 
in [38].

Сryosections 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 

were prepared. Thickness was estimated to be 50 µm for 
the FLIM procedure and 100 µm 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, 

lifetime metabolic index was used [39]. Tissue sections 
were examined using an LSM-710-NLO laser scanning 

microscope (Carl Zeiss AG, Germany) with Plan-

was excited by 740 nm two-photon laser excitation 
using Chameleon Ultra II 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 

using SPCImage 8.5 software (Becker & Hickl GmbH, 

NADH a1/a2 metabolic index was calculated for each pixel 
of the image, where a1 and a2 are amplitudes of the short 
(τ1 = 0.4 ns) and long (τ2 = 2.5 ns) lifetime components of 
free and 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

that after intravenous administration, MB accumulates 
very quickly (in about 5 seconds) both in the tumor and 
in normal tissue, Fig. 3.

decreases slightly and remains constant throughout the 
measurement (5 minutes). In a tumor, on the contrary, 

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 

Рис. 3. Флуоресцентная визуализация метиленового синего in vivo с использованием возбуждения 660 нм: изображения, полу-
ченные через 5, 10, 15 и 20 с после внутривенного введения метиленового синего в дозе 20 мг/кг. Область, выделенная зеле-
ным, соответствует нормальной ткани, область, выделенная красным, – опухоли.
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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of the average brightness of normal tissue and tumor 
areas are presented on Fig. 4.

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 

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 

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 

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

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 

Рис. 4. Зависимости средней яркости для выбранных обла-
стей нормальных тканей и опухоли на флуоресцентном изо-
бражении от времени.
Fig. 4. Time dependences of the fluorescent image average 
brightness of selected normal tissue and tumor areas.

Рис. 6. Спектры поглощения кри-
осрезов нормальных и опухолевых 
тканей после введения метилено-
вого синего, доза 20 мг/кг (МС – 
метиленовый синий, ЛМС – лейко-
метиленовый синий).
Fig. 6. Absorption spectra of normal 
and tumor tissues сryosections 
obtained after MB injection, dose 20 
mg/kg.

Рис. 5. Концентрация метиленового синего в нормальных тка-
нях и опухоли, определенная спектроскопическими методами 
через 5 мин и 1 ч после внутривенного введения в дозе 10 и 
20 мг/кг.
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.
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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 

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 

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 

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 

Assessment of intracellular metabolism by 
endogenous NADH photoluminescence lifetime 

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 a1/a2 metabolic index calculated from 

Рис. 7. Степень оксигенации опу-
холи по отношению к нормальной 
ткани, определенная по поглоще-
нию гемоглобина до, через 5 мин 
и через 1 ч после внутривенного 
введения метиленового синего в 
дозе 10 и 20 мг/кг.
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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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.

of the tumor is due to the fact that the blood vessels that 

toward the epithelial surface but not intertwined 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

methods, the accumulation of MB in tumors in vivo 

level in the tissue microvasculature, as well as tumor 
metabolism, were analyzed.

After intravenous administration, a rapid decrease in 

After 20 seconds, the luminescence intensity decreases by 
4 times relative to the initial value and remains at this level. 
We assume that the observed decrease in the intensity 

reduced LMB due to interaction with the components 
of the tumor microenvironment. This assumption is 

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 a1/a2 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.

microenvironment towards tumor regression. Increasing 

have great potential for practical implementation, 

modern methods of cancer therapy, especially in relation 
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Рис. 8. Фазорные диаграммы разрешенных во времени флуоресцентных изображений NADH в срезах опухоли после внутривен-
ного введения метиленового синего в дозе 20 мг/кг: контроль – опухоль без метиленового синего, центр опухоли – измерение 
в центре опухоли, край опухоли – измерение на краю опухоли.
Fig. 8. Phasor diagrams for time-resolved fluorescence images of NADH in tumor cryosections after MB intravenous injection in 20 mg/
kg dose: control – tumor without MB, tumor center – measurement in the center of the tumor, tumor edge – measurement at the edge 
of the tumor.
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Abstract
Aggregatibacter 

actinomycetemcomitans and Enterococcus faecalis 

АНТИБАКТЕРИАЛЬНАЯ ЭФФЕКТИВНОСТЬ 
ХЛОРОФИЛЛА ЛИСТЬЕВ КАТУКА (SAUROPUS 
ANDROGYNUS (L) MERR) С АКТИВАЦИЕЙ СИНИМ  
И КРАСНЫМ ЛАЗЕРОМ В ОТНОШЕНИИ БИОПЛЕНКИ 
AGGREGATIBACTER ACTINOMYCETEMCOMITANS  
И ENTEROCOCCUS FAECALIS

P.A.D. Permatasari1, S. D. Astuti1, A. K. Yaqubi1, E.A.W. Paisei1, Pujiyanto1, Nasrul Anuar2 
1Airlangga University, Surabaya, Indonesia
2Universiti Malaya, Kuala Lumpur, Malaysia

Резюме
Изучена фотодинамическая активность фотосенсибилизатора хлорофилла листьев катука в отношении биопленки Aggregatibacter 
actinomycetemcomitans и Enterococcus faecalis. В качестве источника света был использован красный и синий диодный лазер. 
В исследование были четыре группы: группа отрицательного контроля, группа положительного контроля, группа обработки 
синим лазером (B) и группа обработки красным лазером (R), как с добавлением, так и без добавления хлорофилла листьев катука 
в концентрации 1,6 мг/мл, а также при различной плотности энергии лазерного излучения: 2,5 Дж/см2, 5 Дж/см2, 7,5 Дж/см2 и  
10 Дж/см2. Эффективность воздействия оценивали с помощью ELISA и ANOVA. Наибольшая эффективность была зарегистрирована во 
всех режимах воздействия (красный/синий лазер, без/с хлорофиллом) при плотности энергии 10 Дж/см2. В биопленке Aggregatibacter 
actinomycetemcomitans в контрольных группах (только облучение) эффективность составила 73,30% при использовании синего 
диодного лазера и 63,25% при использовании красного диодного лазера, а в опытных группах эффективность составила 86,12% при 
использовании синего диодного лазера и 83,29% при использовании красного диодного лазера. В биопленке Enterococcus faecalis в 
контрольных группах эффективность составила 67,78% при использовании синего диодного лазера и 75,33% при использовании 
красного диодного лазера, а в опытных группах эффективность составила 71,71% при использовании синего диодного лазера и 
86,41% с использованием красного диодного лазера. Таким образом, сделан вывод, что воздействие синего и красного диодных 
лазеров активирует хлорофилл в листьях катука, обладая бактерицидным действием бактерии и уменьшая биопленки.

Ключевые слова: фотоинактивация, синий и красный диодный лазер, хлорофилл листьев катука (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, facultative anaerobic coccobacillus that does not 
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 

another, and adhere to both living and inanimate objects 

exposed to conditions that could kill them. Antibiotics, 
cleaning agents, and even the immune system of the 

Resistance to antibiotic therapy is the clinical symptom of 

but only planktonic bacteria will be killed [10]. The 

eliminating S. aureus
Free radicals, light, photosensitizers, PDI, and non-

invasive photonics are therapeutic techniques [12]. 
The key to photoinactivation is photosensitization, 

reactions that make reactive oxygen species [13]. Lasers 

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 

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 

78% in S. mutant bacteria with pheophytin A and Alfalfa 
Medicago sativa L [19], and 22% and 60% on C. albican 

Katuk leaves contain steroids and polyphenols, which 

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 

of absorption wavelengths, is soluble, non-toxic, and 
non-toxic. In this work, blue and red diode laser light 

chlorophyll (Sauropus androgynus (L) Merr) as an organic 
photosensitizing agent for inactivating E. faecalis and A. 
acinomycetemcomitans 

Materials and methods 
Chlorophyll extraction of katuk leaves (Sauropus 

Androgynus (L) Merr) and  antibacterial test

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/cm2, 5 J/cm2, 
7.5 J/cm2, and 10 J/cm2. Laser exposure and chlorophyll photosensitizer were tested using ELISA and ANOVA. At an energy density of 10 J/cm2, 
the optimal bacterial mortality rate was obtained in each treatment group. Namely, in the Aggregatibacter actinomycetemcomitans
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
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, 

Keywords: photoinactivation, blue and red diode laser, katuk leaf chlorophyll (Sauropus androgynus (L) Merr), Aggregatibacter actinomycetem-
comitans, Enterococcus faecalis.

For citations: Permatasari P.A.D., Astuti S.D., Yaqubi A.K., Paisei E.A.W., Pujiyanto, Sauropus 
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Using 96% ethanol, 50 grams of katuk leaves 
(Sauropus androgynus (L) Merr) were extracted. The 
recovered materials were then mixed with maltodextrin, 

UV-Vis 1800 Spectrometer was used to evaluate the 
absorbance spectrum of the extracted materials. The 

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.

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/cm2 to 10 
J/cm2 was utilized to treat each group. Each group has 
Group C0, 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 

of chlorophyll photosensitizer.

Results and discussion
Chlorophyll extraction of katuk leaves (Sauropus 

androgynus (L) Merr)

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%, 

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 

Таблица 1
Диаметр зоны отсутствия роста в диско-диффузионном тесте 
Table 1
The diameter of the clear zone in the disc diffusion test

Концентра-
ция

Concentration

Хлорофилл
Chlorophyll

Диаметр зоны отсутствия роста 
Diameter of the clear zone

Бактерии
Bacteria

Биопленка

A.actinomy-
cetemcomitans E. faecalis A.actinomy-

cetemcomitans E. faecalis 

2,5% 50 μl (0,00±0,05) cm (0,00±0,05) cm (0,00±0,05) cm (0,00±0,05) cm

5% 50 μl (0,00±0,05) cm (0,00±0,05) cm (0,00±0,05) cm (0,00±0,05) cm

7,5% 50 μl (0,00±0,05) cm (0,00±0,05) cm (0,00±0,05) cm (0,00±0,05) cm

10% 50 μl (0,00±0,05) cm (0,00±0,05) cm (0,00±0,05) cm (0,00±0,05) cm
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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.
                                            

E P
A

xt=
    

                                       (2)

Inactivation photodynamic test results
Fig. 1 and 2 show what happens to A. actinomy-

cetemcomitans and E. faecalis

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

Fig. 3 and 4 show the percentage reduction of 
A. actinomycetemcomitans and E. faecalis

Рис. 1. Жизнеспособность биопленки A. actinomycetem-
comitans при облучении с различной плотностью энергии с 
фотосенсибилизатором хлорофилл.
Fig. 1. A. actinomycetemcomitans biofilm viability in various laser 
treatments with variations in energy density and the addition of 
chlorophyll photosensitizer.

Рис. 2. Жизнеспособность биопленки E. faecalis при облуче-
нии с различной плотностью энергии с фотосенсибилизатором 
хлорофилл.
Fig. 2. E. faecalis biofilm viability in various laser treatments 
with variations in energy density and the addition of chlorophyll 
photosensitizer.

Таблица 2
Параметры облучения
Table 2
Irradiation parameters

Длина волны 
(нм)

Wavelength 
(nm)

Мощность лазера 
(мВт)

Laser power
(mW)

Площадь зоны 
облучения (см2)
Laser beam area 

(cm2)

Время (сек)
Time (s)

Плотность энергии 
(Дж/см2)

Energy density 
(J/cm2)

(401± 10) (25.00 ± 1.71) (0.20 ± 0.01)

20 2.51

40 5.00

60 7.50

80 10.00

(660 ± 7) (39.70 ± 1,35) (0.24 ± 0,01)

15 2.50

31 5.12

45 7.50

61 10.09
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The results of a factorial ANOVA test showed no 

(p = 0). The 10 J/cm2 energy-dense blue diode laser 
treatment with 86.12% chlorophyll had the highest 
percentage of A. actinomycetemcomitans
reduction, while the best decrease of E. faecalis
was achieved with 2.5 J/cm2.

Fluorescence test results

how many bacteria have died. Fig. 5 to 8 display the 

The 10 J/cm2 energy-dense blue diode laser 
treatment group had the highest percentage of A. 

actinomycetemcomitans
of chlorophyll caused 2122 cell deaths, according to the 

an energy of 10 J/cm2, 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

Рис. 3. Зависимость редукции биопленки A. actinomycetem-
comitans от плотности энергии лазерного облучения.
Fig. 3. Dependence of A. actinomycetemcomitans biofilm 
reduction on laser irradiation energy density.

Рис. 5. Результаты воздействия на бактерии A. actinomycetemcomitans синим диодным лазером: a – 2,5 Дж/см2; b – 5 Дж/см2; 
c – 7,5 Дж/см2, d – 10 Дж/см2; и красным диодным лазером: e – 2,5 Дж/см2; f – 5 Дж/см2; g – 7,5 Дж/см2; h – 10 Дж/см2.
Fig. 5. Treatment results on A. actinomycetemcomitans bacteria with an energy-dense blue diode laser: a – 2.5 J/cm2; b – 5 J/cm2; c – 
7.5 J/cm2; d – 10 J/cm2; and energy density red diode laser treatment: e – 2.5 J/cm2; f – 5 J/cm2; g – 7.5 J/cm2; h – 10 J/cm2.

Рис. 4. Зависимость редукции биопленки E. faecalis в зависи-
мости от плотности энергии лазерного облучения.
Fig. 4. Dependence of E. faecalis biofilm reduction on laser 
irradiation energy density.
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Рис. 6. Результаты воздействия на бактерии A. actinomycetemcomitans с добавлением хлорофилла синим диодным лазером: 
a – 2,5 Дж/см2; b – 5 Дж/см2; c – 7,5 Дж/см2, d – 10 Дж/см2; и красным диодным лазером: e – 2,5 Дж/см2; f – 5 Дж/см2   – g ;
7,5 Дж/см2; h – 10 Дж/см2.
Fig. 6. Treatment results on A. actinomycetemcomitans bacteria with the addition of chlorophyll with an energy-dense blue diode laser:
a – 2.5 J/cm2; b – 5 J/cm2; c – 7.5 J/cm2; d – 10 J/cm2; and energy density red diode laser treatment: e – 2.5 J/cm2; f – 5 J/cm2   – g ;
7.5 J/cm2; h – 10 J/cm2.

Рис. 7. Результаты воздействия на бактерии E. faecalis синим диодным лазером: a – 2,5 Дж/см2; b – 5 Дж/см2; c – 7,5 Дж/см2, 
d – 10 Дж/см2; и красным диодным лазером: e – 2,5 Дж/см2; f – 5 Дж/см2; g – 7,5 Дж/см2; h – 10 Дж/см2.
Fig. 7. The results of treatment on E. faecalis bacteria with an energy density blue diode laser: a – 2.5 J/cm2; b – 5 J/cm2; c – 7.5 J/cm2; 
d – 10 J/cm2;  and energy density red diode laser treatment: e – 2.5 J/cm2; f – 5 J/cm2; g – 7.5 J/cm2; h – 10 J/cm2.

Рис. 8. Результаты воздействия на бактерии E. faecalis с добавлением хлорофилла синим диодным лазером: a – 2,5 Дж/см2; b –  
5 Дж/см2; c – 7,5 Дж/см2, d – 10 Дж/см2; и красным диодным лазером: e – 2,5 Дж/см2; f – 5 Дж/см2; g – 7,5 Дж/см2; h – 10 Дж/см2.
Fig. 8. Treatment results on E. faecalis bacteria with the addition of chlorophyll with an energy density blue diode laser: a – 2.5 J/cm2; b –  
5 J/cm2; c – 7.5 J/cm2; d – 10 J/cm2;  and energy density red diode laser treatment: e – 2.5 J/cm2; f – 5 J/cm2; g – 7.5 J/cm2; h – 10 J/cm2. 
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The A. actinomycetemcomitans
by 86.12% in the 10 J/cm2 energy-dense blue diode 
laser therapy with chlorophyll addition. The 2.5 J/
cm2 red diode laser treatment without the addition of 
chlorophyll had the largest reduction percentage of A. 
actinomycetemcomitans
dense red diode laser treatment of 10 J/cm2 with the 
addition of chlorophyll produced the highest percentage 
test results for the removal of E. faecalis
The best way to get rid of E. faecalis
blue diode laser with a high energy density of 2.5 J/cm2 

Red diode laser treatment of Gram-positive bacteria 

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 

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
than A. actinomycetemcomitans.

Conclusion
The 10 J/cm2 energy-dense blue diode laser treatment 

with chlorophyll addition had the largest reduction 
percentage of A. actinomycetemcomitans
reduction percentage of 86.12%. Without the addition of 
chlorophyll, the red diode laser treatment reduced the 
A. actinomycetemcomitans
of 2.5 J/cm2. While the red diode laser treatment with a 
10 J/cm2 energy density and the addition of chlorophyll 
had the greatest percentage reduction for E. faecalis 

2.5 J/cm2 energy density and the absence of chlorophyll 
had the greatest percentage reduction for E. faecalis 

katuk leaves, the chlorophyll gets turned on. This makes 
radical oxygen species, which kill bacteria and reduce 
Aggregatibacter actinomycetemcomitans and E. faecalis 
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БАКТЕРИЦИДНЫЙ ЭФФЕКТ HE-NE ЛАЗЕРА (632,8 НМ) 
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Abstract
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 

Staphylococcus aureus 

Next, the bacterial colonies were compared before and after exposing them to laser doses. The results showed that laser sessions have reduced the 

Staphylococcus aureus
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
bacterial infection.

Keywords: Staphylococcus aureus, low level laser therapy, laser exposure.

For citations: Staphylococcus aureus colonies, Biomedical Photonics, 
2023, vol. 12, no. 1, pp. 22–27. doi: 10.24931/2413–9432–2023–12-1-22-27.

Contacts: Salih W.H., e-mail: wasil.soh@cas.edu.om

Резюме
Нами был изучен бактерицидный эффект низкочастотного лазера с длиной волны 632,8 нм с целью определения эффективной мощ-
ности и времени воздействия лазера на бактерии Staphylococcus aureus, участвующие в патогенезе ряда дерматологических заболе-
ваний. Ранее проведены многочисленные исследования количественной оценки эффективных параметров лазера: световой дозы, 
плотности мощности и времени воздействия. В настоящем исследовании на колонии бактерий Staphylococcus aureus воздействовали 
лазерным излучением мощностью 1 и 3 мВт при разном времени воздействия (от 3 до 30 мин). Колонии бактерий были выделены 
у больного с воспаленными ранами. Воздействие лазером уменьшило количество бактериальных колоний во всех экспериментах. 
Результаты выявили значительное дозозависимое бактерицидное воздействие гелий-неонового лазера на Staphylococcus aureus. При 
мощности 3 мВт при воздействии в течение 30 мин количество бактерий снизилось до уровня менее 2% от его первоначального коли-
чества. Результаты показали уменьшение количества колоний в зависимости от времени воздействия. Лазерное излучение на длине 
волны 632,8 нм обладает бактерицидным действием в отношении Staphylococcus aureus.

Ключевые слова: Staphylococcus aureus, низкоинтенсивная лазерная терапия, воздействие лазером.
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Introduction
Light therapy has been suggested as a potentially 

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 

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 

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 

clinical response [8]. Among such studies, Ribeiro et al. 

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]. 

at delivering radiant exposure of 1-50 J/cm2 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/cm2, 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 

light on two bacteria: S. aureus and P. aeruginosa. Their 
results indicated that, in vitro, 405 and 470 nm blue light 

S. aureus 
and P. aeruginosa but not on  P. acnes [1]. 

In this concern, Folwaczny et al. (2002) have studied the 

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, 

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 

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 

distance from the laser source to the tissue surface 
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Рис. 1. Колонии Staphylococcus aureus, проба №А1:
а – контрольный образец; b – колонии после воздействия 
лазером в течение 3 мин; c – колонии после воздействия 
лазером в течение 6 мин; d – колонии после облучения лазе-
ром в течение 18 мин.
Fig. 1. Snapshots of the Staphylococcus aureus plates of the 
sample #A1: a – control sample; b – colonies after exposing 
to laser for 3 minutes; c –colonies after exposing to laser for 
6 minutes; d – colonies after irradiation to laser for 18 minutes.

and the target tissue, the speed of movement over 
the treatment area, and the number and frequency of 

laser are reported to include stimulation of mitochondrial 
activity, increased cell turnover, recruitment and 
proliferation, modulation of the cellular metabolites 

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
parameters to achieve that.

Materials and methods
For this study, a bacterium sample has been collected 

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 

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 121ºC 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 ºC. After the growth 
of the bacteria, they were a subject for further tests to 

S. aureus using H2O2 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 

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 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 

а

c

b

d
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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 

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, 

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 №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 №A2 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.

Таблица
Количество колоний бактерий при разном времени 
экспозиции для образца №А2
Table
The bacteria colonies number as a function of exposure 
time for sample #A2

Время экспозиции 
(мин)

Exposure time
 (minutes)

Число колоний 
Number of colonies 

0 500 ± 25

5 400 ± 22

10 220 ± 14

15 175 ± 8

20 97 ± 5

25 25 ± 3

30 10 ± 2

In this study, two S. aureus bacteria samples were 
exposed to a He-Ne laser source with a wavelength of 

12, 15 and 18 minutes. However, for the second sample, 
3 mW was used at exposure times of 5, 10, 15, 20, 25 

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 

on the bacterial cells wall when they were subject to the 
laser beam and released the contents of bacteria cells on 
media [16,18].

Рис. 2. Колонии Staphylococcus aureus, проба №А2:
а – контрольный образец; b – колонии после воздействия 
лазером в течение 5 мин; c – колонии после воздействия лазе-
ром в течение 15 мин; d – колонии после облучения лазером 
в течение 30 мин.
Fig. 2. Snapshots of the Staphylococcus aureus plates of the 
sample #A2: a – control sample; b – colonies after exposing 
to laser for 5 minutes; c –colonies after exposing to laser for 
15 minutes; d – colonies after irradiation to laser for 30 minutes.

Рис. 3. Зависимость количества колоний бактерий от времени 
лазерного воздействия.
Fig. 3. The number of bacterial colonies as a function of the laser 
exposure time.

а

c

b

d
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Another reason for such a decrease is the thermal 

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 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 

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.

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 

intensity and duration of the laser treatment, with higher 
intensities and longer durations generally resulting 
in greater bactericidal activity. Some studies have 

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 

on S. aureus, which is involved in several dermatology 
problems. Using He-Ne with a wavelength of 632.8 nm 

the amount of bacteria to less than 2% of the initial 
count. 

Conclusion

on S. aureus was examined through exposing several 

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 

level laser at certain power and exposure time could be 
S. 

aureus is reported to be involved in many dermatological 
diseases. 
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Введение
Псориаз – системное иммуноассоциированное забо-
левание мультифакториальной природы с доминирую-
щим значением в развитии генетических факторов, 
характеризующееся ускоренной пролиферацией эпи- 
дермоцитов и нарушением их дифференцировки, 

иммунными реакциями в дерме и синовиальных обо-
лочках, дисбалансом между провоспалительными 
и  противовоспалительными цитокинами, хемокина-
ми; частыми патологическими изменениями опорно-
двигательного аппарата [1].

Е.В. Филоненко, В.И. Иванова-Радкевич
Фотодинамическая терапия больных псориазом

ФОТОДИНАМИЧЕСКАЯ ТЕРАПИЯ БОЛЬНЫХ ПСОРИАЗОМ
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Резюме
Использование фотодинамической терапии (ФДТ) в лечении псориаза остается предметом многочисленных дискуссий. В научном сообще-
стве нет единого мнения об эффективных и безопасных режимах ФДТ при псориазе. Описанные в литературе применяемые для лечения 
псориаза дозы и концентрации фотосенсибилизаторов, а также световые дозы различаются в десятки раз. Целью настоящего обзора яв-
ляется анализ эффективности и профиля безопасности различных схем применения ФДТ при псориазе. Ряд исследований демонстрирует 
100%-ную эффективность метода в определенных режимах (полное или частичное очищение очагов псориаза после проведения ФДТ). 
В частности, такая эффективность была получена при применении аппликации 20%-ой 5-АЛК (световая доза 15 Дж/см2) и 0,1%-го мети-
ленового синего (световая доза 15 Дж/см2). Основным фактором, ограничивающим применение ФДТ при псориазе и в отдельных случаях 
даже являющимся причиной прерывания лечения, является сильная болезненность во время процедуры облучения. Это требует тщатель-
ной отработки режимов ФДТ у пациентов с псориазом.

Ключевые слова: фотодинамическая терапия, псориаз, 5-аминолевулиновая кислота, метиловый эфир 5-аминолевулиновой кислоты.
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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 pho-
tosensitizers for psoriasis, 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/
cm2) and 0.1% methylene blue (light dose 15 J/cm2). 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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Эпидемиология 
Псориаз является одним из наиболее распространен-
ных заболеваний кожи. Заболевание встречается оди-
наково часто как у мужчин, так и у женщин [2]. Данные 
по заболеваемости псориазом значительно различа-
ются в разных регионах: от 0,14% в Восточной Азии до 
5,32% в Центральной Европе [3]. 

В целом заболеваемость выше в странах Восточ-
ной Европы и странах Скандинавкого полуострова [4]. 
Низкий уровень заболеваемости среди жителей Азии, 
Африки, у афроамериканцев, индейцев, японцев [5].

В Российской Федерации в 2020 г. распространен-
ность псориаза среди всего населения Российской 
Федерации составила 227,2 на 100 тыс. населения, за-
болеваемость – 52,5 на 100 тыс. населения [6]. По дан-
ным официальной государственной статистики в Рос-
сийской Федерации распространенность псориаза 
в 2021 году составила 243,7 заболевания на 100 тыс. 
населения; заболеваемость – 59,3 на 100 тыс. населе-
ния [1].

Этиология и патогенез
Развитие псориаза прежде всего связывают с гене-
тической предрасположенностью, аутоиммунными 
расстройствами, факторами окружающей среды, 
включая инфекции и стресс [7,8,9]. Патогенез псориа-
за представляет собой многофакторный процесс. Од-
ним из факторов, определяющих развитие псориаза, 
является увеличение экспрессии провоспалительных 
цитокинов. Например, интерлейкин 17 и интерлейкин 
23 стимулируют пролиферацию кератиноцитов и уве-
личивают секрецию TNF-α и хемокинов, которые уси-
ливают активацию дендритных клеток, что приводит 
к воспалению [9,10,11,12].

Клинические проявления
Для псориаза характерны многообразные клиниче-
ские проявления: от единичных обильно шелуша-
щихся папул или бляшек розовато-красного цвета до 
эритродермии, псориатического артрита, генерали-
зованного или ограниченного пустулезного псориа-
за. Высыпания могут располагаться на любом участке 
кожного покрова, но наиболее часто – на разгиба-
тельной поверхности конечностей, волосистой части 
головы, туловище. Псориатические папулы многооб-
разны по своей величине, интенсивности воспали-
тельной реакции, инфильтрации, которая может быть 
очень значительной и сопровождаться папилломатоз-
ными и бородавчатыми разрастаниями. Кроме кожи 
и суставов, псориаз поражает ногтевые пластинки [13].

Различают три стадии развития псориатических 
высыпаний [14]: 1) период прогрессирования или 
«цветения», когда элементы сыпи продолжают увели-
чиваться в размерах, причем это обычно совпадает 
с  появлением новых высыпаний и гиперемической 

каймой по их периферии; 2) период стационарный, 
когда периферический рост высыпаний прекратил-
ся, что обычно совпадает с прекращением появле-
ния свежих высыпаний; 3) период регресса, или об-
ратного развития высыпаний. Следует отметить, что 
выделение трех стадий развития псориатических 
высыпаний – это лишь схема и нередко встречаются 
отклонения от нее.

Терапия псориаза
В зависимости от типа псориаза, его локализации, сте-
пени и тяжести для лечения используют различные 
схемы терапии, включая препараты местного приме-
нения (на основе салициловой кислоты, витамина А, 
дегтя и др.), местное и системное применение корти-
костероидов, кальципотриен, пероральные систем-
ные препараты (например, ацитретин, циклоспорин, 
метотрексат), биологические препараты (этанерцепт, 
инфликсимаб, алефацепт, эфализумаб и устекинумаб), 
а также фототерапию с использованием ультрафиоле-
тового света B (UVB) и ПУВА-терапию [13,15,16].

Исследования показывают высокую эффектив-
ность в лечении псориаза узкополосного ультрафио-
летового излучения B (NB-UVB, 311 нм) и даже экси-
мерного лазера (308 нм), используемого в качестве 
монохроматического источника UVB [17]. Эти методы 
в настоящее время используются в качестве терапии 
первой линии при стабильном бляшечном псориазе. 
Терапией первой линии для лечения рефрактерных 
псориатических бляшек является ПУВА-терапия [18].

ФДТ
Фотодинамическая терапия (ФДТ) представляет-
ся привлекательным вариантом лечения псориаза 
в  первую очередь из-за своей эффективности и эко-
номичности [15]. Эффективность ФДТ в отношении 
различных опухолевых и предопухолевых заболева-
ний кожи (в том числе базальноклеточного рака кожи 
[19], внемаммарного рака Педжета [20], грибовидного 
микоза [21]) доказана многочисленными исследова-
ниями. В то же время использование ФДТ в лечении 
псориаза остается предметом многочисленных дис-
куссий. В научном сообществе нет единого мнения об 
эффективных и безопасных режимах ФДТ при псориа-
зе. В описанных в литературе исследованиях в каче-
стве фотосенсибилизаторов используют соединения 
разных химических групп в дозах и концентрациях, 
различающихся в десятки раз. Так, изучена эффектив-
ность местного применения препаратов 5-АЛК в кон-
центрациях от 0,1% до 20%. Диапазон используемой 
световой дозы также очень широк (от 2 до 37 Дж/см2). 
Различаются и суммарное количество курсов ФДТ, 
и продолжительность интервалов между курсами. 

Целью настоящего обзора является анализ эффек-
тивности и профиля безопасности различных схем 
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применения ФДТ. Сопоставление последних дости-
жений в этом отношении представляется полезным 
для дальнейшего развития метода ФДТ для лечения 
псориаза.

Анализ литературных данных, проведенный авто-
рами настоящего обзора, не выявил ни одного иссле-
дования, показывающего 100%-ное выздоровление 
пациентов с псориазом, получавших ФДТ. Однако ряд 
исследований демонстрирует 100%-ную эффектив-
ность метода в определенных режимах (полное или 
частичное очищение очагов псориаза после проведе-
ния ФДТ), то есть все очаги псориаза отвечают (в боль-
шей или меньшей степени) на ФДТ в определенных 
режимах. Представляется весьма важным аргументом 
в пользу применения ФДТ при псориазе тот факт, что 
несколько исследований показали, что ФДТ блокирует 
неконтролируемую продукцию воспалительных цито-
кинов, которые приводят к апоптозу Т-лимфоцитов 
и  воспалению во время развития псориаза [22,23]. 
Даже в условиях неполного очищения очагов псо-
риаза снижение в них интенсивности воспалитель-
ного процесса безусловно облегчает состояние па-
циентов.

Проведенный анализ литературы позволил выя-
вить 14 исследований, посвященных изучению эф-
фективности и безопасности ФДТ с различными 
фотосенсибилизаторами у пациентов с псориазом. 
В 12 исследованиях оценивалась эффективность ФДТ 
в отношении кожных очагов псориаза, в 2 – в отно-
шении псориаза ногтей. В анализ не были включены 
исследования, в которых ФДТ проводили в сочетании 
с  другими методами терапии, поскольку результаты 
таких исследований не позволяют оценить вклад в эф-
фективность именно ФДТ. Сравнение эффективности 
отдельных режимов ФДТ было затруднено тем, что 
в  исследованиях применяли разные методики оцен-
ки. В части исследований состояние пациентов харак-
теризовали с помощью различных индексов (NAPSI, 
SEI и другие), в части – эффективность оценивали, как 
полное или частичное очищение очагов. 

В наибольшем количестве исследований ФДТ при 
кожных проявлениях псориаза (9/12) в качестве фото-
сенсибилизатора применяли 5-АЛК, при этом в 8 слу-
чаях – в виде аппликации, в 1 – в виде раствора для 
приема внутрь. Концентрация лекарственной формы 
5-АЛК для аппликации значительно варьировала: 
от 0,1% (1 исследование) до 20% (4 исследования). 
Эффективность ФДТ с аппликацией 5-АЛК в концент-
рации 20% была выше, чем для более низких доз: 
до 100% полного или частичного очищения очагов 
псориаза при использовании 20% 5-АЛК [24] против 
только частичного улучшения у 37,5% пациентов пос-
ле применения 5-АЛК в концентрации 0,1% [25]. В то 
же время, в исследовании Radakovic-Fijan и соавт. [26] 
при использовании 5-АЛК в концентрации 1% общая 

эффективность (очаги, полностью или частично очи-
щенные) составила 97%, что очень близко к резуль-
татам ФДТ для концентрации 5-АЛК 20% (эффектив-
ность 100%) [24]. 

Так же были проанализированы исследования, 
в которых оценивали эффективность метиленового 
синего (0,1%) [27], гиперицина (0,05-0,25%) [28] и ме-
тилового эфира 5-АЛК (МЭ-АЛК) (16%) [29] – по од-
ному исследованию каждого фотосенсибилизатора. 
Все перечисленные фотосенсибилизаторы показали 
высокую эффективность. Так, после проведения ФДТ 
с метиленовым синим у 68% пациентов с псориазом 
было получено снижение показателя тяжести псориа-
за на 75% и более [27].

Единственных описанным нежелательным явле-
нием во всех исследованиях являлись болезненные 
ощущения, зуд и жжение во время сеанса облучения, 
а у части пациентов – в течение некоторого времени 
после облучения. У нескольких пациентов исследо-
вание было прекращено в связи с сильными боле-
выми ощущениями (3/12 пациентов в исследовании 
Schleyer и соавт. [25] и 8/29 пациентов в исследовании 
Radakovic-Fijan и соавт. [26]). Несмотря на то, что мно-
гие авторы связывают развитие болевых ощущений 
с использованием высоких световых доз и высокой 
концентрации фотосенсибилизатора, определенной 
уверенности в этой связи нет. Так, в исследовании 
Calzavara-Pinton и соавт. [29], в котором были приме-
нены самые высокие световые дозы из всех рассма-
триваемых исследований (37 Дж/см2) и самая высокая 
концентрация 5-АЛК (20%) сильные болевые ощуще-
ния испытывали только 4 из 17 пациентов, и ни один 
пациент не вышел из исследования по причине силь-
ных болевых ощущений. Представляется более веро-
ятным, что болевые ощущения могут быть связаны 
с  плотностью мощности облучения. В обоих исследо-
ваниях, в которых часть пациентов была вынуждена 
прервать лечение, плотность мощности составляла 
60 мВт/см2. К сожалению, не во всех исследованиях ав-
торы указывали плотность мощности облучения при 
проведении ФДТ, поэтому достоверно оценить взаи-
мосвязь этого показателя с интенсивностью болевых 
ощущений не представляется возможным. 

При проведении ФДТ ногтей, пораженных псориа-
зом, исследователи применяли более высокие кон-
центрации фотосенсибилизаторов или более высокие 
световые дозы. В исследовании Shaheen и соавт. [30] 
ногти обрабатывали 2% раствором метиленового сине-
го, в исследовании Tehranchinia и соавт. [31] световая 
доза составила 120 Дж/см2 после аппликации 5-АЛК 
в стандартной концентрации 20%. Следует отметить, 
что при проведении облучения ногтей, пораженных 
псориазом, пациенты не отмечали сильных болезнен-
ных ощущений, как при ФДТ кожных очагов псориаза, 
даже при использовании световой дозы, значительно 
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Авторы
Authors

Число 
пациен-

тов* / 
количе-

ство оча-
гов / 

No. of 
patients/ 

No. of 
lesions 

Фото-
сенсиби-
лизатор 

Photosen-
sitizer

Режим 
облуче-

ния
Light 
wave-
length

Све-
товая 
доза
Light 
dose

Коли-
чество 
курсов 

ФДТ
Number 
of PDT 

courses

Эффективность ФДТ Нежелательные 
реакции

Adverse reactions

Boehncke 
et al., 1994 
[35]

3/не ука-
зано
3/not 

10% 5-АЛК, 
апплика-
ция 5 ч
10% 5-ALA, 
application 
5 h

600-700 
нм
600-700 
nm

25  
Дж/см2

25 J/cm2

3 раза  
в  нед
3 times  
a week

Эффективность ФДТ сопо-
ставима с применением 
дитранола

comparable to the use of 
dithranol

Жжение во время 
облучения
Burning during 
radiation

Collins et 
al., 1997 
[36]

22/80 20% 5-АЛК, 
апплика-
ция 4 ч
20% 5-ALA, 
application 
4 h

450-600 
нм
450-600 
nm

2-16  
Дж/см2

2-16  
J/cm2

12  
(3 раза  
в  нед)
12  
(3 times  
a week)

Эффективность (полный 
или частичный эффект) 
25%.
Из 80 очагов:
14 – полное очищение;
6 – снижение индекса SEI 
(ат англ. scale, erythema, 
and induration – шелуше-
ние, эритрема, отверде-
ние) на 30-50%; 60 – незна-
чительное улучшение или 
отсутствие ответа

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

Жжение, покалы-
вание во время и 
после облучения
Burning, tingling 
during and after 
irradiation

Robinson 
et al., 1999 
[37]

10/19 20% 5-АЛК, 
апплика-
ция 4 ч
20% 5-ALA, 
application 
4 h

Широко-
полосное 
видимое 
излучение
Broad-
band 
visible 
radiation

8 Дж/см2

8 J/cm2
12  
(3 раза  
в  нед)
12  
(3 times  
a week)

Эффективность (полный 
или частичный эффект) 
– 74% 
Из 19 очагов:
4 – полное очищение;
10 – частичный эффект;
5 – отсутствие ответа

Of the 19 foci:
4 – complete cleansing;

5 – no response

Боль и дискомфорт 
(80% пациентов во 
время лечения и 
50% между процеду-
рами)
Pain and discomfort 
(80% of patients 
during treatment 
and 50% between 
treatments)

Bisson-

2002 [38]

12/не ука-
зано
12/not 

Раствор 
5-АЛК 
внутрь 
5-15 мг/кг
5-ALA 
solution 
orally, 5-15 
mg/kg

417 нм
417 nm

1-20  
Дж/см2

Dose, 
1-20  
J/cm2

1 раз  
в  нед
1 time 
per week

Только доза 15 мг/кг пока-
зала улучшение состояния 
пациентов
Only the 15 mg/kg dose 
showed improvement in 
patients

Легкое жжение при 
воздействии света
Mild burning on 
exposure to light

Таблица
Резюме эффективности фотодинамической терапии у больных псориазом
Table
Summary of the effectiveness of photodynamic therapy in patients with psoriasis
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Radakovic-
Fijan, 2005 
[26]

21/63
21/63

1% 5-АЛК, 
апплика-
ция 4-6 ч 
1% 5-ALA, 
application 
4-6 h

600-740 
нм
600-740 
nm

5; 10; 20 
Дж/см2

5; 10; 20 
J/cm2

2 раза  
в  нед,  
6  нед
2 times  
a week,  
6 weeks

Эффективность (полный 
или частичный эффект) 
– 97% 
Из 63 очагов:
8 – полное очищение;
53 – частичный эффект;
2 – отсутствие ответа

Of the 63 foci:
8 – complete cleansing;

response

Боль, покалыва-
ние, жжение во 
время облучения 
и несколько часов 
после у всех паци-
ентов (8 из исходно 
включенных в иссле-
дование 29 паци-
ентов прекратили 
лечение в связи с 
сильными болевыми 
ощущениями)
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)

Fransson 
et. al., 2005 
[39]

8/8
8/8

20% 5-АЛК, 
апплика-
ция 4-5 ч
20% 5-ALA, 
application 
4-5 h

630 нм
630 nm

10-30 
Дж/см2

10-30  
J/cm2

1 раз  
в  нед, 
2-5  нед
1 time 
per week,  
2-5 
weeks

Индекс SEI значительно 
снизился у всех пациен-
тов, с медианы 7 (диапа-
зон 5-9) до 1,5 (диапазон 

The SEI index decreased 

from a median of 7 (range 
5-9) to 1.5 (range 0-3)

При дозе света 
30 Дж/см2 многие 
пациенты испыты-
вали болезненные 
ощущения, поэтому 
световая доза была 
снижена
At a light dose of  
30 J/cm2, many 
patients experienced 
pain, the light dose 
was reduced

Schleyer 
et al., 2006 
[25]

9/27
9/27

0,1%, 1% и 
5% 5-АЛК, 
апплика-
ция 
0.1%, 1% 
and 5% 
of 5-ALA, 
application

600-740 
нм
600-740 
nm

20 Дж/
см2

20 J/cm2

2 раза  
в  нед,  
6  нед
2 times  
a week,  
6 weeks

Полного очищение не 
зарегистрировано.
Частичное улучшение:
0,1% 5-АЛК – 37,5%;
1% 5-АЛК – 45,6%;
5% 5-АЛК – 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%

Сильные болевые 
ощущения у всех 
пациентов (3 из 
исходно включен-
ных в исследование 
12 пациентов пре-
кратили лечение в 
связи с сильными 
болевыми ощуще-
ниями)
Severe pain in all 
patients (3 out of 
12 patients initially 
included in the 
study discontinued 
treatment due to 
severe pain)

Smits et al., 
2006 [40]

8/8
8/8

10% 5-АЛК, 
апплика-
ция 4 ч
10% 5-ALA, 
application 
4 h

600-750 
нм
600-750 
nm

2-8 Дж/
см2

2-8 J/cm2

1 раз  
в  нед,  
4  нед
1 time 
per week, 
4 weeks

По 12 бальной шкале 
исходный индекс степени 
поражения псориаза в 
среднем составил 6,6. 
Через 6  нед в очагах без 
воздействия фотосенсиби-
лизатора индекс составил 
6,2, а для очагов, обрабо-
танных ФДТ – 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

Некоторое жжение 
и покалывание во 
время облучения, 
в целом лечение 
хорошо переноси-
лось всеми паци-
ентами, и никаких 
дополнительных 
анальгетиков не тре-
бовалось
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
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Kim et al., 
2007 [24]

3/не ука-
зано
3/not 

20% 5-АЛК, 
аппликация 
4 ч
20% 5-ALA, 
application 
4 h

630 нм
630 nm

15  
Дж/см2

15 J/cm2

1 раз в  
нед, 7, 10 
и 23  нед
Once a 
week, 7, 
10 and 23 
weeks

Эффективность (полный 
или частичный эффект) 
100%.
После лечения во всех слу-
чаях наблюдалось незна-
чительное или заметное 
улучшение

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

Не сообщалось
Not reported

Salah et al., 
2009 [27]

16/16
16/16

0,1% мети-
леновый 
синий 
аппликация
0.1% of 
methylene 
blue, 
application

670 нм
670 nm

5 Дж/см2

5 J/cm2
Нет дан-
ных
No data 
available

Эффективность  
(полный или частичный 
эффект) 100%

 

Не сообщалось
Not reported

Rook et al., 
2009 [28]

11/не ука-
зано
11/not 

0,05%, 0,1% 
и 0,25% 
гиперицин, 
апплика-
ция, 24 ч
0.05%, 0.1% 
and 0.25% 
of hypericin, 
application, 
24 h

590-650 нм
590-650 
nm

8-20  
Дж/см2

8-20  
J/cm2

2 раза в  
нед,  
3  нед
2 times  
a week,  
3 weeks

Наблюдалось улучшение 
кожных поражений
An improvement in skin 
lesions

Легкое жжение и зуд 
во время лечения
Mild burning and 
itching during 
treatment

Calzavara-
Pinton et al., 
2013 [29]

17/не ука-
зано
17/not 

МЭ-АЛК
16% аппли-
кация 3-4 ч
MAL
16% 
application 
for 3-4 h

635 нм
635 nm

37  
Дж/см2

37 J/cm2

В сред-
нем 3,6 
(интер-
вал 
между 
курсами 
9,9±5,6 
дней)
On 
average 
3.6 
courses 
(interval 
between 
courses 
9.9±5.6 
days)

Из 17 пациентов:
у 2 – ухудшение состояния;
у 3 – незначительное кли-
ническое улучшение;
у 12 – существенное кли-
ническое улучшение.
У 5 (28%) косметический 
эффект оценен, как отлич-
ный
Of 17 patients:
in 2 – deterioration;
in 3 – slight clinical 
improvement;

improvement.
In 5 (28%), the cosmetic 

Боль и жжение в 
период облучения у 
13 (76%) пациентов, 
в том числе у 4 – сла-
бые, у 4 – умерен-
ные, у 4 – сильные
Pain and burning 
sensation during 
irradiation in 13 (76%) 
patients, including 4 
mild, 4 moderate, 4 
severe 

Shaheen 
et al., 2023 
[30]

29/ногти 
правой 
руки
29/nails of 
the right 
hand

2% мети-
леновый 
синий, 
аппликация 
2 ч
2% of 
methylene 
blue, 
application 
for 2 h

585 нм
585 nm

15 Дж/
см2

15 J/cm2

1 раз в 2  
нед,  
6 мес
1 time in 
2 weeks, 
6 months

Показатели индекса NAPSI 
для матрицы ногтя снизи-
лись в среднем от 7 до 4,5
The NAPSI index for the nail 
matrix decreased from on 
average from 7 to 4.5

Небольшие болевые 
ощущения во время 
сеанса облучения
Slight pain during the 
radiation session

Tehran-
chinia et al., 
2020 [31]

8/35 ногтей
8/35 nails

20% АЛК, 
аппликация 
3 ч
20% of 
5-ALA, 
application 
3 h

630 нм
630 nm

120 Дж/
см2

120 J/cm2

1 раз в 
3  нед, 5 
курсов
1 time in 
3 weeks,  
5 courses

Показатели NAPSI зна-
чительно снизились с 
5,97±1,29 в начале исследо-
вания до 4,29±1,44 на 15-й 
неделе и 2,11±1,27 в конце 
24-й  нед наблюдения 
после завершения ФДТ

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

Не сообщалось о 
сильной боли и дис-
комфорте во время 
облучения
No severe pain or 
discomfort was 
reported during 
irradiation

*указано число пациентов, завершивших исследование с оцененным эффектом
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превышающей показатели во всех остальных иссле-
дованиях – 120 Дж/см2. Эффективность ФДТ в обоих 
исследованиях оценивали по индексу NAPSI, который 
снизился после проведения ФДТ в 1,6-2,8 раз. 

Новые фотосенсибилизаторы  
для ФДТ при псориазе
В литературе опубликованы результаты ряда экспе-
риментальных исследований, посвященных оценке 
эффективности и безопасности новых фотосенсиби-
лизаторов в лечении псориаза. Так, Carrenho L.Z.B. 
и  соавт. [32] сообщают об иммуносупрессивном эф-
фекте формы порфирина (5,10-дифенил-15,20-ди 
(N-метилпиридиний-4-ил) порфирина) на мышиной 
модели псориаза. Как сообщают авторы, проведение 
ФДТ с указанным фотосенсибилизатором привело 
к  снижению уровня провоспалительных цитокинов, 
инфильтрации нейтрофилами и пролиферации кера-
тиноцитов [32]. В исследовании Liu H.Q. и соавт. [33] 
была оценена эффективность в отношении псориаза 
фотосенсибилизатора α- (8-хинолинокси)фталоциа-
нина цинка. Авторы сообщают о снижении проли-
ферации клеток HaCaT и экспрессии мРНК IL-17 по-
сле ФДТ с указанным фотосенсибилизатором. Еще 
одна группа перспективных для лечения псориаза 
фотосенсибилизаторов – комплексы на основе NNO-
тридентат ванадия (IV). Lin R.K. и соавт. [34] продемон-
стрировали противовоспалительные эффекты ФДТ 

с  этими фотосенсибилизаторами на мышиной моде-
ли псориазоподобного кожного заболевания. После 
проведения ФДТ снижалась экспрессия цитокинов IL-
17 и IL-22, что указывает на возможность облегчения 
симптомов псориаза.

Проанализированные данные не оставляют сом-
нений, что ФДТ является эффективным и перспек-
тивным методом лечения псориаза. Дискутируемым 
вопросом остается выбор оптимального фотосенси-
билизатора, его дозы (концентрации для апплика-
ции), световой дозы и режима облучения. 

Поскольку имеются данные, что протопорфирин IX 
(ППIX) с очень высокой избирательностью накаплива-
ется в очагах псориаза [40], можно предположить, что 
более низкие концентрации 5-АЛК, чем используемые 
для дермато‐онкологических показаний, могут быть 
достаточными для оказания благоприятного клини-
ческого эффекта при псориазе. Это подтверждается 
данными исследований, в которых 5-АЛК применяли 
в низкой концентрации (1%) [26], но с эффективно-
стью, близкой к исследованиям 20% 5-АЛК [27]. Кроме 
того, как полагают некоторые авторы [40] основной 
целью ФДТ при псориазе, вероятно, является не ци-
тотоксический эффект, для которого требуются более 
высокие световые дозы, а скорее иммуномодулиру-
ющий эффект, при котором, как считается, требуется 
многократное воздействие более низких световых 
доз в течение более длительного периода времени.
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