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Резюме
В обзоре литературы освещены возможности фотодинамической терапии (ФДТ) с использованием в качестве фотосенсибилизатора 
(ФС) ряда препаратов, в том числе на основе хлорина е6, фталоцианина алюминия, метиленового синего, при бактериальных и гриб-
ковых патологиях. Метод ФДТ изначально был разработан для лечения опухолевых заболеваний, в борьбе с которыми показал свою 
высокую эффективность и безопасность. В настоящее время ФДТ активно применяется при лечении пациентов с раком кожи, брон-
хов, желудка, шейки матки, гортани и других локализаций. Однако за все время существования метода были проведены многочис-
ленные исследования, демонстрирующие новые возможности его применения. В настоящем обзоре освещен ряд научно-исследова-
тельских работ, в которых была изучена эффективность и безопасность антимикробной и антимикотической ФДТ в экспериментах in 
vivo и in vitro. Выполнен обзор публикаций, посвященных изучению механизмов антимикробного действия ФДТ, а также изучающих 
влияние ФДТ на репаративные процессы в ране. В исследованиях, включенных в настоящий обзор, доказана высокая эффективность 
антимикробной и антимикотической ФДТ. Продемонстрирован противовоспалительный потенциал метода при лечении аутоиммун-
ных заболеваний у людей. 

Ключевые слова: фотодинамическая терапия, антибактериальная терапия, аутоиммунные заболевания, микозы, N-диметилглюкаминовая 
соль хлорина е6

Abstract
This review highlights the possibilities of photodynamic therapy (PDT) using drugs based on chlorin e6, aluminum phthalocyanine, methylene 
blue as photosensitizers for bacterial and fungal pathologies. This method was developed initially to treat tumor diseases, where it had shown its 
high efficiency and safety. Now photodynamic therapy is actively used in the treatment of cancers of the skin, bronchi, stomach, cervix, larynx, 
or other regions. However, numerous studies have been carried out for the entire existence of the method, demonstrating new possibilities of 
its application. This review highlights a number of studies in which the efficacy and safety of antimicrobial and antimycotic PDT were studied in 
vivo and in vitro. It has been proven to have a positive effect on the reparative processes in the wound. An experimental study was carried out 
to study the effectiveness of photodynamic therapy in the treatment of peritonitis in mice. Demonstrated anti-inflammatory potential in the 
treatment of autoimmune diseases.
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In the early 1960s, photodynamic therapy (PDT) 
became a new effective method developed for the treat-
ment of patients with malignant neoplasms [1−3]. PDT is 
based on the ability of the photosensitizer (PS) to selec-
tively accumulate in the tumor tissue due to the specif-
ics of its biochemical characteristics, and, under the local 
influence of laser radiation of a certain wavelength, gen-
erate singlet oxygen and other active radicals that have a 
destructive effect on tumor tissues [4−9]. 

The «ideal» PS must meet a number of requirements: 
 – selectivity of accumulation in neoplastic tissues;
 – the presence of an intense absorption band in 

the red or near-infrared region of the spectrum, 
i. e., in the so-called therapeutic window;

 – the absence of aggregation in aqueous solu-
tions, which leads to a drop in the quantum 
yield of generation 1O2;

 – no general toxicity;
 – the presence of intense fluorescence, which 

allows simultaneous fluorescence diagnostics 
[10]. 

The disadvantage of the used PS based on hema-
toporphyrin derivatives, e. g.: HPD (hematoporphyrin 
derivative), photofrin-2, photogem, is the low absorp-
tion intensity in the photoexcitation band (625-640 nm). 
The significant absorption of light wave energy by the 
biological tissue in this spectral region determines the 
small depth of radiation penetration and makes it diffi-
cult to treat patients with large tumors.

Researchers are currently looking for new, more 
effective PSs in various classes of organic dyes, primarily 
among porphyrins and their synthetic analogues. Chlo-
rins (dihydroporphyrins) are characterized by a strong 
increase in the intensity of the long-wave band and its 
shift to the red region in comparison with porphyrins 
[11]. Chlorin derivatives are characterized by high selec-
tivity and short-term skin sensitization [10]. Among the 
chlorins, it is worth mentioning water-soluble mono-L-
aspartyl chlorin e6 and other various forms of e6 chlo-
rine, in particular, Photoditazine and Radachlorin, devel-
oped in Russia, and Photolon from Belarus [11], as well as 
synthetic chlorins: 5,10,15,20-tetrakis(m-hydroxyphenyl)
chlorin  (Temoporfin, m-THPC, Foscan) and benzopor-
phyrin derivatives (benzoporphyrin monoacid, ring A) 
[10]. 

Of great interest is Photoditazine, which, according 
to a number of authors, is an effective and safe PS of the 
chlorin group [11−16]. It is the N-methylglucamine salt 

of e6 chlorine, which has a strong absorption band in 
the red region of the spectrum, with a maximum of 662 
nm in the range of 660−680 nm. This is the interval at 
which biotissues have high transmittance and fluores-
cence. Photoditazine obtained by chemical modification 
of methylfeoforbide has good water solubility, without 
forming aggregated forms, which is typical for prepara-
tions based on hematoporphyrin derivatives. In addi-
tion, the presence of amphiphilic properties determines 
its high ability to bind to the membranes of tumor cells, 
which provides its high photodynamic activity.

In vivo experiments showed that Photoditazine is a 
highly selective PS for PDT, the effectiveness of which is 
determined by the dose of the drug and the dose of laser 
irradiation. The most pronounced antitumor effect (inhi-
bition of breast cancer tumor growth in 100% of cases, 
M-1 to 92.5% by day 21) in in vivo experiments on mice 
and rats was obtained at a dose of 5.0 mg/kg of body 
weight and light doses of 600 J/cm2, which indicates a 
pronounced photodynamic activity of the compound. 
In vivo toxicity studies have shown that photoditazine 
is a low-toxicity compound: LD50 is 158 mg/kg of body 
weight at an average therapeutic dose of 0.8 mg/kg [17]. 

In recent years, PDT has been used in the treatment 
of purulent wounds, including those nonhealing over a 
long period, complicated burns, and trophic ulcers [11, 
17, 18]. At the same time, the bactericidal and bacterio-
static effects of antimicrobial PDT on pathogens of infec-
tious diseases are achieved due to generation of singlet 
oxygen and peroxide radicals of the PS present extracel-
lularly and intracellularly, with the subsequent develop-
ment of a cascade of phototoxic reactions. 

In the study by J. Schneider et al. [19] it was shown 
that PDT with methylene blue and irradiation with 
broadband white light (400−700 nm) at a dose of 10 J/
cm2 causes inactivation of bacteriophage RNA in vitro 
by crosslinking it with plasma proteins. The ability of 
a bacterial cell to survive in vitro after oxidative stress 
depends on the activity of its superoxide dismutase, as 
in the case of E. coli strains [20], or on the amount and 
activity of its heat shock proteins, as in the case of myco-
bacteria, which produce 2 types of heat shock proteins 
under oxidative stress: HSP-70 and HSP-90 [21]. In this 
regard, the combined effect of PDT on Mycobacterium 
tuberculosis in vitro with sulfated aluminum phthalocya-
nine and laser radiation with a wavelength of 600−700 
nm at a dose of 20 J/cm2 is of interest. Viable cultures 
of M. tuberculosis were used for the study. The dynam-
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ics of culture growth was estimated by the number and 
size of colonies every 10 days over a period of 60 days. 
On day 7, the cultures were exposed to PDT with sulfated 
aluminum phthalocyanine, hematoporphyrin, and some 
other PSs. The result was a distinct delay in the growth 
of mycobacterium colonies. In the control group (only PS 
and only laser exposure), no colony growth delays were 
observed.

In antimicrobial PDT of gram-negative bacteria, such 
as Pseudomonas aeruginosa, photodynamic activation 
may involve the lipopolysaccharide envelope of bacte-
ria and proteolytic enzymes. The result in this case is a 
decrease in resistance to antibacterial drugs and viru-
lence. N. Komegik et al. [22] showed that conducting 
antimicrobial PDT in vitro with methylene blue and laser 
irradiation at a dose of 74.4 J/cm2 (helium-neon laser) 
significantly reduces the activity of Pseudomonas aerugi-
nosa proteases and the immunogenicity of its lipopoly-
saccharide envelope. Incubation of Pseudomonas aerugi-
nosa exposed to this variant of PDT with mononuclears 
of human peripheral blood showed a sharp decrease in 
the activity of its proteases and the immunogenicity of 
lipopolysaccharides, which was expressed in a significant 
reduction in the synthesis of pro-inflammatory cytokines 
(IL-1, IL6, IL-8, TNF-a, TNF-3) by the mononuclears. Inacti-
vation of proteolytic enzymes of Porfiromonas gingivalis 
by antimicrobial PDT with methylene blue was confirmed 
by S. Packer [23]. 

Thus, PDT of infectious diseases caused by bacterial 
pathogens is a process of interaction of reactive oxy-
gen species and toxic radicals with anti-stress factors of 
bacteria. The outcomes of the interaction can be differ-
ent depending on the intensity of generation of reactive 
oxygen species, the activity of anti-stress proteins, anti-
oxidant enzymes of bacteria, and in vivo − on the persis-
tence of the pathogen both intra- and extracellularly, on 
the cellular microenvironment, and many other factors.

The effectiveness of PDT with Photoditazine in the 
treatment of purulent wounds is proved in some works.

P. I. Tolstykh et al. in 2014, in a study on mice, showed 
the advantage of PDT over standard local treatment 
of purulent wounds [24]. In each animal, a 2x2 cm skin 
flap was isolated in the interscapular region, after which 
the muscular bottom of the wound was crushed with a 
Kocher clamp. Then the wound was infected with 1 ml of 
a daily suspension of Staphylococcus aureus and puru-
lent bacillus culture. After 48 hours, purulent inflamma-
tion developed, and then local treatment of the wound 
began. The experiment was conducted on 5 observation 
groups of 20 animals in each. In the first group (control 
group), the mice received therapy in the form of dress-
ings with an aqueous solution of chlorhexidine. In the 
remaining groups, PDT was performed with different PSs 
in different dosage forms: an aqueous solution of Holo-
sens, an aqueous solution of Photoditazine, Holosens in 

gel form, and Photoditazine in gel form. The evaluation 
of wounds included planimetric (wound size), bacte-
riological (results of bacteriological examination of the 
wound discharge), and cytological (assessment of the 
cellular composition of the wound wall biopsy) data of 
purulent wounds on days 3, 4, 5 and 10. It was found 
that in animals subjected to PDT, the wound area is 
reduced significantly faster, and cytological examination 
showed more pronounced signs of repair (the presence 
of phagocytes, macrophages, monocytes, differentiating 
fibroblasts), while bacteriological examination showed a 
more pronounced decrease in bacterial contamination. It 
was revealed that the most effective of the PS was Photo-
ditazine in gel form. 

Evaluation of the effectiveness of PDT with photodi-
tazine in an experiment on a model of acute widespread 
fecal peritonitis (168 rats) was performed by A.V. Geinitz 
et al. [25]. The authors also investigated the accumula-
tion of the drug in the inflamed peritoneum. To create 
a model of acute peritonitis, a modified method of V. A. 
Lazarenko was used, with a filtered 10% fecal suspen-
sion at a dose of 0.5 ml per 100 g. After the introduction 
of fecal suspension into the abdominal cavity, the rats 
developed a clinical picture of acute peritonitis on day 
3, which was expressed in lethargy and inactivity of the 
animals, abdomen bloating, refusal of food and lack of 
stool. On day 3, the animals in all groups were subjected 
to surgical intervention under general intravenous anes-
thesia against the background of general peritonitis. The 
animals underwent laparotomy and abdominal sanita-
tion. All individuals were divided into 8 groups: 6 main 
groups and 2 control groups. In the first control group, 
PS was not administered, in the second, the accumula-
tion of Photoditazine in rats with an unchanged perito-
neum was studied. The 6 main groups of animals had 
local fluorescence spectroscopy administered at differed 
time (after 30, 60, 90, 120, 150, 180 min). The study of the 
accumulation of the drug showed the peak of its concen-
tration in the group in which local fluorescence spectros-
copy was performed after 120 minutes. 

To assess the effectiveness of PDT with Photoditazine, 
65 rats were studied, 43 of which were in the main group 
and 22 in the control group. Both groups received genta-
micin for 3 days in the postoperative period. Sanitation 
in the main group was performed with PDT, whereas in 
the control group it was done by washing the abdomi-
nal cavity with an aqueous solution of chlorhexidine 
until the washing water came back clean. The evaluation 
included data of bacteriological examination of abdomi-
nal wall smears and the number of deaths in the observa-
tion groups. No signs of peritoneal burns were found in 
any of the cases. The mortality rate in the main group was 
9.5%, of which 50% of animals died on the first day, and 
the remaining 50% on the second. − In the control group, 
27.3% of the rats died in the first 24 hours. All the animals 
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died due to the background of continuing peritonitis and 
increasing intoxication. Leukocytosis in the main group 
of rats by the end of the first day was lower by an aver-
age of 17.1% compared to the control group. The level 
of white blood cells on day 5 returned to normal and 
was 21.48% lower than in the control group. Biochemical 
blood parameters (creatinine, urea, total protein, ALT and 
AST) on the 5th −7th day were also better in rats exposed 
to PDT. The sterility of the abdominal cavity in the ani-
mals of the main group was determined on day 3, in the 
control group − on day 7, with an average contamination 
of all rats with E. Coli 107− of 108 microbial bodies in 1 ml 
of exudate.

Studies have been published on the use of PDT in the 
treatment of diseases of autoimmune pathogenesis. A. 
M. Shubina et al. studied the effectiveness of the method 
in the treatment of psoriasis [26]. The main observa-
tion group included 20 patients, the control group − 16. 
Photoditazine was administered to patients of the main 
group at a dose of 0.3 − 0.4 mg / kg of body weight, with 
a 30-minute laser irradiation session performed after 
1.5 hours, the radiation power being 15 MW. Patients 
in the control group received standard treatment with 
calcium supplements, antihistamines, sedatives, and 
immunomodulators. The effectiveness was evaluated 
by the following signs: the appearance of new skin ele-
ments, infiltration of the skin in the affected area, itching, 
hyperemia, and peeling. The intensity of these signs was 
scored in points, 0 to 4. The result was evaluated 2 weeks 
and 1 month after irradiation. It was noted that in all 
patients who underwent PDT, itching completely disap-
peared after 2 weeks, the rash partially regressed, hyper-
emia and infiltration of psoriatic plaques disappeared in 
100% of cases. After 1 month, stable therapeutic effect 
was found, without any cases of exacerbation observed. 
In the control group, such improvements were registered 
only in 18% of patients.

In recent years, there have been reports that PDT not 
only does not slow down the healing of wound defects of 
various origins, but also causes their accelerated regen-
eration [15]. 

In the work of E. F. Shin et al. [16], the reparative 
effect of PDT with the photoditazin, − amphiphilic poly-
mer complex, was estimated. The study involved 100 
patients with purulent soft tissue wounds. Depending 
on the treatment method, all patients were divided into 
two groups. The main group consisted of 50 patients 
who were treated with PDT in addition to the traditional 
method. The control group, which also included 50 
patients, was administered only traditional therapy. In 
the main group of patients, a gel containing a Photodi-
tazine complex with a water-soluble amphiphilic poly-
mer immobilized on hydroxyapatite nanoparticles was 
applied to the wound surface. The wound was covered 
with a sterile polyethylene bandage for 40-50 minutes, 

after which the wound surface was exposed to low-
intensity laser radiation with a wavelength of 661 ± 0.03 
nm, power density of 1.0 W/cm2, and an energy density 
of 25-30 J/cm2. 

During the surgery, the histological situation was 
the same in both study groups. The walls and bottom 
of the wound show destructive necrotic tissues abun-
dantly infiltrated by polymorphonuclear leukocytes. In 
the main group, histological examination of biopsies of 
purulent wounds after PDT showed a faster cleaning of 
the wound surface from purulent necrotic/masses and 
the formation of granulation tissue than with the tradi-
tional treatment method. On day 7, the control group 
showed a reduction in the wound canal, a decrease in 
the volume of fibrin-necrotic masses and the degree of 
neutrophil infiltration. Granulation tissue was found at 
the border with unchanged tissues. In PDT, over the same 
period, there was a decrease in the volume of the fibrin-
ous-leukocyte layer, the maturation of granulation tis-
sue with an increase in the number of macrophages and 
fibroblasts. The results of morphological studies have 
shown that, compared with traditional treatment, laser 
PDT of purulent soft tissue wounds with Photoditazine in 
combination with an amphiphilic polymer increases the 
phagocytic activity of macrophages, effectively reduces 
bacterial contamination of tissues, and accelerates the 
formation and maturation of granulation tissue. 

O. E. Shishkina et al. [27] compared the effectiveness 
of sterilization with the use of following PS: methylene 
blue, eosin, chlorophyllin, Photoditazine, St. John’s wort 
oil on cultures of pathogenic microorganisms (Staphylo-
coccus aureus, Pseudomonas Aeruginosa, Micrococcus 
luteus, Candida albicans, Staphylococcus epidermidis, 
Staphylococcus saprophyticus, Bacillus antracis, Pro-
teus vulgaris). Cultures of microorganisms were seeded 
using the lawn method in Petri dishes, with each dish 
divided into 2 zones and the PS applied symmetrically 
on both sides. The exposure continued for 15 minutes. 
The procedure was repeated in 15 series of cultures of 
microorganisms. Next, one of the zones was irradiated 
with a laser (wavelength 660 nm in repetitively-pulsed 
mode, 60 s), while the second zone was covered with a 
light-tight sterile cloth. Then all cultures were kept for 
24 hours in a thermostat, after which the results were 
taken into account by a semi-quantitative method. The 
results of the study showed that Photoditazine, methy-
lene blue and chlorophyllin have a pronounced anti-
bacterial effect on microbial cultures, while eosin and 
St. John’s wort oil demonstrate relatively low effective-
ness. Proteus Vulgaris and Pseudomonas Aeruginosa 
cultures showed high resistance. The average resistance 
to the use of the proposed PS was observed in fungi 
of Candida genus. The PDT method showed high effi-
ciency when spore-forming flora (Bacillus subtilis strain) 
was exposed to it.
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There are numerous studies demonstrating the anti-
mycotic activity of the pharmaceutical [28−32]. 

In 2013  Dovigo L. N. et al. [33] studied the effects of 
PDT with Photoditazine on various fungal species in vitro: 
C. albicans, C. glabrata, and C. Tropicalis, represented both 
as biofilms and as planktonic cultures. An aqueous solution 
of Photoditazine in various concentrations (25, 50, 75 mg/l 
for planktonic cultures and 75, 100, 125 mg/l for biofilms) 
was applied to fungal colonies. Different radiation doses 
were tested: 18, 25.5, 37.5 J/cm2. All cultures were divided 
into experimental groups which were then exposed to dif-
ferent drug dosages and radiation doses. The control group 
consisted of intact colonies. As a result, it was found that 
fungal colonies in the form of biofilm are more resistant to 

PDT. Plankton culture C. Albicans was completely destroyed 
by photoditazine concentrations of 50 and 75 mg/l at a dose 
of 37.5 J/cm2, while a biofilm containing this type of fungi 
did not significantly reduce the number of microbial bodies 
even at high concentrations of the drug (100 and 125 mg/l). 
C. glabrata and C. tropicalis were found to be more resistant 
to PDT in both biofilms and planktonic cultures. 

Conclusion
Thus, the results of the above studies once again con-

firm that the effects of PDT are much wider than its anti-
tumor action. The demonstrated anti-inflammatory com-
ponent of PDT is comparable to the therapeutic effect of 
traditional antibacterial and antimycotic methods.
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