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PHOTODYNAMIC THERAPY IN THE TREATMENT
OF PATIENTS WITH PURULENT WOUNDS

Abstract. Nowadays, a relatively new medical technology, photodynamic therapy, is being actively developed
and introduced into clinical practice. The method is based on the ability of many biological objects (tumor, microbial
cells) to accumulate chemicals - photosensitizers, after which they become sensitive to sunlight, as well as to laser
radiation of a certain wavelength. In cells that have absorbed a photosensitizer, a photochemical process is launched
with the generation of singlet forms of oxygen, which has a destructive effect on biological systems. The review
presents information on the use of photodynamic therapy, based on the integrated use of light and chemical com-
pounds - photosensitizers, which is one of the areas of laser medicine. The relevance of the review of the existing
capabilities of PDT is due to the great interest of surgeons in the use of this method in the treatment of purulent
wounds. The article provides a brief historical background on the development of this method of treatment, covers
the principles and mechanisms of its action. The possibilities of using photodynamic therapy in surgical practice are
analyzed. The prospects of further development of the method for the treatment of purulent-necrotic wounds are
substantiated.

Key words: laser medicine, photodynamic therapy, photosensitizer, purulent wound.

The treatment of purulent wounds of various etiologies is an urgent problem of surgery up to the
present time and has a tendency to grow, has a long history [1]. One of the principles of treatment of
purulent wounds of various origins is the use of antibacterial drugs of various groups that cannot gua-
rantee reliable prevention of infectious complications, due to the rapid adaptation of wound microflora, as
a result of which the formation of antibiotic-resistant microorganisms occurs. It is necessary to take into
account the decrease in the immunological response of the body after the use of drugs in this group, a
violation of intestinal flora [1-3]. Despite the success of surgery over the past decades, it should be noted
that the frequency of purulent complications remains almost unchanged. For a long time, mankind has
been searching for methods of treating wound infections, there have been promising achievements - this is
largely due to the discovery and the beginning of the use of antibacterial agents in the first half of the
20th century, and subsequently with the use of proteolytic enzymes. However, these methods did not have
a universal effect on the wound process, needing further development [1, 2]. To date, the principle of
treatment of purulent wounds involves a wide disclosure of the suppurative focus, followed by open
wound management [1-3]. The disadvantages inherent in this method are the impossibility of carrying out
a frequent change of gauze dressings during the day, damage to the forming granulation tissue when
changing the dressing [3]. This creates prerequisites for increasing the duration of treatment, creating
economic losses for the patient and for the state due to the long disability time. The most important
condition for the local treatment of wounds in the postoperative period is drainage, the task of which is to
remove wound exudates and products of wound exudates, the application of modern wound coatings, such
as sorption, protective, containing drugs, atraumatic is also important [3]. Treatment of purulent wounds
should be complex, taking into account the clinical manifestations of the disease of a single patient, the
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presence of background pathology, indications and contraindications for the appointment of surgical and
medical treatment [3].

Photodynamic therapy (PDT) seems to be a promising method in the treatment of purulent wounds as
part of complex treatment, which uses a combination of low-frequency laser radiation with a wavelength
of 630 - 1300 nm in combination with photosensitizers, leading to the development of a photochemical
reaction in the presence of interstitial oxygen, which has a destructive effect on intracellular structures [4].
PDT is a relatively new trend in the treatment of purulent wounds; by now, sufficient clinical experience
has been gained in using this technology, which is reflected in many papers [5, 15]. The launch of a
photodynamic reaction is possible in the presence of a special chemical - a photosensitizer and light. The
main active substrate is the photosensitizer, the latter is absorbed by the target cell, the inactive photo-
sensitizer is inert and has no effect [6]. Absorbed quantum of light of a certain wavelength can lead to the
activation of a substance molecule [5, 18]. The light source must have the necessary power, which will
allow to deliver the radiation energy to the target cell and the molecular oxygen present in it, which is in a
stable state and is characterized by the lowest level of molecular energy [5, 22]. Under the action of a
photosensitizer in the presence of light, the oxygen molecule passes into a singlet form, which has a high
chemical activity, with subsequent damage to the cell structures. Damage to biological structures, necrotic
and apoptotic changes are the result of the launch of free radical reactions. The oxidation of biologically
important molecules under the influence of visible light in the presence of molecular oxygen and a
photosensitizer is called the photodynamic effect [5].

Currently, PDT is actively used in many countries and has such advantages as low invasiveness,
selectivity of effects on the pathological focus, the ability to repeat courses of PDT, low systemic toxicity.
[7-10]. The method has advantages over antimicrobial treatment, since the effectiveness of PDT is not
related to the spectrum of sensitivity of microorganisms to antibiotics, it is successful even in the treat-
ment of antibiotic-resistant strains of Staphylococcus aureus, Escherichia coli and other microorganisms
that do not develop resistance to PDT, unlike exposure to antibiotics. Tissue damage in PDT is local, the
bactericidal effect is limited to the area of laser irradiation of photosensitized tissue, thus avoiding the side
effect that occurs when using antibacterial drugs for the treatment of surgical infection with local PDT.
The method has found widespread clinical application in oncology, due to the selective accumulation of
the photosensitizer in tumor tissue. Activation of the drug occurs when a local light exposure to the wave-
length corresponding to the maximum absorption, leading to the generation of singlet oxygen, which leads
to damage to the intracellular structures of the tumor cell [12, 14, 17, 20].

Nowadays PDT has found extensive use in many fields of medicine, the method is used to treat
tumors of the skin, breast, lungs, bladder, infectious diseases, certain diseases of the skin and eyes, ENT
organs, oral cavity. The effectiveness of such treatment is high with minimal load on the body [11, 13,
22, 23].

To date, there are more than 400 substances that have a photosensitizing effect. Derivatives of hema-
toporphyrin, chlorine, 5-aminolevulenic acid, phthalocyanine are most common in the manufacture of
medical drugs [16, 18, 19, 26].

The use of photochemical reaction energy for treatment has been known for over 6000 years, when
light-sensitive substances of some plants were used to treat skin diseases, in particular, for the treatment
of vitiligo, a powder of dried parsley leaves, St. John's wort, parsnip was used, which was applied to
depigmented areas of the skin and insolated with sunlight before the appearance of pigmentation by the
type of tan [5, 21]. For the treatment of the same pathology, Ammimajus plant powder (large Ammi or
Chinese cumin) was later used, the phototherapeutic effect was due to the content of photocoumarins,
which have a pronounced phototherapeutic effect, and in the twentieth century, Ammimajus was used to
synthesize the medical drug Ammifurin, used to treat vitiligo, psoriasis, lichen planus, neurodermatitis
[18,21].

0. Raab discovered the photochemical oxygen-dependent reaction for the first time in 1897. As a
student at the University of Munich Pharmacological Institute, he studied the effects of dyes on para-
mecium microorganisms (Paramecium) [21, 28, 32, 33]. He noticed that these microorganisms that are in
a solution of acridine orange die when they hit the light, but when they are in the dark they can move
freely [21, 26, 28]. Further studies conducted under the guidance of Professor H. Tappeiner suggested that
fluorescent substrates like acridine dye transform light energy into an active chemical reaction that leads
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to the death of microorganisms [21, 29, 31]. Based on the results of a study by H. Tappeiner and X.
Jesionek, in 1903, the first PDT session was performed for a patient with skin cancer, using eosin as a
photosensitizer [34]. In 1905, they described the results of treatment of 6 patients with basal cell
carcinoma of the face skin by local application of 1% eosin solution and prolonged exposure to sunlight or
artificial radiation of an arc lamp [21, 30]. They managed to achieve complete resorption of foci in 4 pa-
tients with a duration of 1 year without a recurrent period. At the same time, H.Tappeiner and A. JodlI-
bauer coined the term “photodynamic action” [35]. In 1908 W.H. Hausmann makes a report on the photo-
toxicity of hematoporphyrin and concludes that hematoporphyrin is an active sensitizer for paramecium
and red blood cells [36].

For the first time in 1912 F. Meyer-Betz experimentally demonstrated the effect of hematoporphyrin
on the human body on itself [37]. After intravenous administration of 0.2 g of hematoporphyrin, solar
photosensitivity is observed, manifested as edema and hyperpigmentation, lasting up to 2 months [21, 37].

The development of photodynamic therapy was promoted by the discovery of a new photosensitizer,
hematoporphyrin, which showed higher efficiency compared to previous analogues. After some time, a
derivative of hematoporphyrin (HGP, Hematoporpherinederivate - HpD) was synthesized, which turned
out to be 2 times more effective than the original compound, but its toxicity declined higher [5, 38]. This
drug was obtained by S. Schwartz by acting hematoporphyrin with concentrated solutions of sulfuric and
acetic acids, HpD was used in the USA in 1960 for the diagnosis of neoplastic diseases [39].

The use of lasers in medical practice contributed to the further development of the method (the first
half of the 1960s), since the laser was monochromatic, using the most optimal wavelength for a particular
photosensitizer, leading to a higher intensity of the photochemical reaction [26], it also became possible to
transfer the light flux through fiber-optic systems with targeted impact on the organs and tissues of the
body containing a photosensitizer, which certainly led to the intensive use of the method in various fields
of clinical practice [5, 26].

In PDT with photosensitizers of the first generation, positive results were obtained in the treatment of
patients with purulent wounds, acceleration of wound cleansing from purulent necrotic detritus, stimu-
lation of tissue regeneration processes was noted. At the same time, the use of photochemical preparations
of the first generation was also marked by significant shortcomings, such as a long half-life from the
body, often enough allergic reactions and a significant increase in the photosensitivity of the whole body
for a long period of time [23].

The drug Photofrin II is used most often today, it is called the “workhorse” of PDT [21], cumulated
in all tissues and organs of the reticuloendothelial system [16]. The longer delay of Photoftin II is noted in
the tumor tissue, however, the prolonged delay in the skin cells (even at minimum concentration) of the
photosensitizer dictates the need to limit the light regimen by patients for 4-6 weeks, to prevent skin burn
like sunburn [5, 10, 21]. In Russia, the analogue of Photofrin II is a drug Photogem, synthesized under the
guidance of Professor A.F. Mironov in 1990. Photohem is fluorescent in the red region of the spectrum,
which also allows it to be used to verify the tumor process of determining its boundaries [5, 7, 21].

In the mid-1990s, clinical trials of a second-generation photosensitizer, Photosens, began in Russia.
The drug has an intense absorption band in the red region of the spectrum 665-675 nm. High photo-
chemical activity in the red region of the spectrum, higher transparency of the tissue for laser radiation,
which allows to affect deeper tissues are the advantages of second-generation photosensitizers over the
first, since the main limitation of the PDT method is the depth of penetration of laser radiation into the
tissue [5, 21]. From the point of view of the methodology, the development of algorithms for the indi-
vidual selection of parameters of light exposure in PDT seems promising. For example, of great interest is
the possibility of selecting the density and dose rate of laser irradiation based on the data of fluorescent
diagnostics [40].

The parameters to which the optimal photosensitizer must correspond, including biological, pho-
tophysical and chemical-technological criteria, were determined as a result of years of research. They are
low toxicity, high elimination, high absorption in the spectral range, high selectivity of drug absorption
by tumor cells [5, 7, 20]. The creation and introduction of photosensitizers with the ability to accumulate
at a high rate in the tumor tissue and to quickly decay is of particular interest [5, 24]. One of the most
significant factors limiting the possibilities of the method is the depth of penetration of the laser flux
[5,7].
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Contraindications to laser PDT are the presence of malignant neoplasms, decompensation of cardio-
vascular activity, acute impairment of the cerebral circulation, hepatic and renal failure [41].

In the study of professors A.V. Geinitz, P.I. Tolstykh, V.A. Derbenyov et al. demonstrate a positive
clinical effect of PDT in 80 patients with purulent wounds of soft tissues, the majority of patients were
operated on with phlegmon and abscesses of various localization. The application of gel "Photoditazine"
0.1% on the wound was carried out, the exposure of the drug on the wound was not less than 2 hours.
When exposed to PDT, researchers recorded an acceleration in the rate of wound cleansing from necrotic
masses (within 2-3 days), allergic reaction to the photosensitizer was not registered. Evaluation of the
results of treatment of patients with nonhealing wounds shows faster cleansing of the wound from nec-
rotic masses, early appearance of granulation and marginal epithelization in patients of the main group,
which was carried out photodynamic therapy, a decrease in the microbial contamination of wounds was
recorded, this is due to the high level of accumulation of exogenous photosensitizer by microbial cells,
and their own cells located in the area of the wound defect accumulate photosensitizer in a much smaller
volume compared to bacteria. When studying local microcirculation, a decrease in edema in the area of a
nonhealing wound, improvement of blood flow in the capillary bed, formation of a microcirculatory
network, reduction of vascular resistance were noted. The expressed bactericidal effect of PDT on the
basis of cytological data, rapid wound cleansing (3-5 days for the first or second session of photoche-
motherapy) was shown. Activation of the macrophage reaction leads to the stimulation of the wound
process. After 1-2 weeks, the number of macrophages in the tissue increases significantly, mature mac-
rophages with active phagocytic function prevail. In the main group, a more rapid transition of the wound
process from the inflammatory to the reparative phase, maturation by the end of the second week of full-
fledged granulation tissue, the transformation of the latter by the end of the third week into fibro-cica-
tricial, epidermis regeneration takes place, the wound size decreases due to epithelialization and contrac-
tion of the scar tissue. PDT in the treatment of nonhealing wounds contributes to the acceleration of the
torpid wound process consistently leading to a reduction in the time of all phases of wound or ulcer
healing. The method developed by the authors showed high efficacy compared with traditional treatment,
allows to reduce the time of epithelialization of the wound 1.7 times while providing a good functional
and cosmetic effect [25].

The advantages of antibacterial PDT include the same efficacy in acute and chronic infection, the
method is also effective against bacteria, protozoa, fungi and viruses, photosensitizer does not have toxic
and mutagenic effects; PDT does not depend on the spectrum of sensitivity of microorganisms to anti-
biotics; PDT's bactericidal effect is local, limited to the laser irradiation zone of sensitized tissues, which
avoids microflora damage typical for antibiotics in areas not subject to irradiation, the possibility of
repeated courses of treatment and combination in one diagnostic and treatment procedure [26, 27]. An
additional advantage of PDT is its relative painlessness and the possibility of repetition in an outpatient
basis.

As for the efficacy of PDT in patients with purulent-necrotic wounds, V.S. Panteleev in his study
[42], demonstrated the effectiveness of skin graft engraftment by photodynamic effect “Photoditazine” in
combination with laser antibiotic therapy. The authors provide information that as a result of the
treatment, namely: patients with purulent necrotic wounds in the first study group, the removal of necrotic
masses were removed using a low-frequency ultrasonic cavitator "SONOCA — 180" (Germany). In the
second main group necrectomy was performed using carbon dioxide surgical laser "Lancet" (Russia), the
third group was the control group. After the necrectomy stage, all patients of both main groups were
subjected to a photodynamic effect with the second generation of photosensitizer “Photoditazine” in the
form of 0.5% penetrator gel at the rate of 1 ml of gel per 45 cm” of the irradiated surface. After 2 hours
from the moment of applying the FS, laser irradiation of the wound was performed using the Atkus-2
laser apparatus (Russia) in continuous mode with a power density of 1 W/cm® and a wavelength of
661 nm. In both major groups, antibiotics were activated by intravenous laser irradiation of blood (ILBL).
As a result of the technique, the authors managed to reduce the time of preparing the wound surface for
autodermoplasty by an average of 3 days, reduce antibiotic therapy by 1.3 times, and improve the
effectiveness of skin graft engraftment by 24%.

Prof. Tolstykh P. L., Derbenev V. A. et al. [43] demonstrate the results of treatment of 129 patients
with purulent wounds of different localization on the background of the use of a photosensitizer of the
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chlorin series (photoditazine) in patients of the main group, the reduction of the time required for
cleansing wounds and the earlier beginning of epithelialization in patients of the main group was shown
on the background of a more rapid decrease in bacterial contamination of the wound. A morphological
study proved more rapid relief of inflammation, reduction of microcirculatory disorders, increased
phagocytic activity of neutrophils, accelerated maturation of granulation tissue during photodynamic
therapy, and an elastic scar was formed in the main group of patients in a shorter time.

As a result of the research, the list of diseases, including surgical profile, for the treatment of which
photodynamic therapy can be used, is constantly expanding. The possibilities of using this method are
constantly expanding and photodynamic therapy is an alternative to the already existing methods and
approaches in the treatment of purulent surgical diseases.

B. Beﬂﬁepmll, H. H.[ana3ap0131’2 , P. Paxumikanosa’,
P. AXMeT3aKI/Ip0B2, . Typ)RaHOBa2

'Kazakcran Pecmry6nukacst [pesnnenti Ic backapmacsl MeaummHaNbIK OpTaIbIFBIHBIH aypyXaHachl,
Acrana, Kazakcras,
?Acrana Menmnuna yansepenteri KeAK, Acrana, Kasakcran

IPIHAI ZKAPAMEH ITAIIMEHTTEPAI EMJIEY KE3IHJEI'T
OOTOANHAMMUKAJIBIK TEPAIIUA

Annotanus. Ka3ipri yakpITTa %aHa MEAMIHUHAIBIK TEXHOJIOTUS — (POTOMMHAMUKAIBIK TEPANus KINMHUKAIBIK
MpaKTUKara OCIICEHI TYpHAEe JaMBII, CHTI3LTyAe. OMic KONTereH OHONOTHAIBIK OO0BbeKTinepaiH (icik, MHKPOOTHIK
JKacyIrajgap) XUMHSIIBIK 3aTTapabl — (POTOCEHCHOMIM3AaTOPIapAbl KyMyIH3ausiay KabiieTiHe Heri3aeNreH, Coaan
KEeHiH oJlap KyH coyJieciHe, COH/Iaii-aK TOJKBIHHBIH OeNrisli 0ip Y3bIH/BIFBIHBIH JIA3EPIIiK coyJIeeHyiHe ce3iMrai 0o-
nmanpl. PoToceHCMOMNMHM3aTOp CIHAIPUITeH JKacylmaigapaa OHONOTHSIBIK JKyHenepre AEeCTPYKTHBTI ocep €TeTiH
OTTETiHIH CHHIJIETTI (hopMaslapbIHBIH TeHEepanuschMeH Oipre (GpOTOXMMUSIIBIK mporecc icke Kocwutansl. Lllomyna
Ja3epilik MeJULUUHAHBIH Oip OarbIThl OOJBINT TAOBUIATHIH KAPBIKTHI XKOHE XMUMUSIIBIK KOCBLIBICTAPBI — (POTOCEHCH-
OmTu3aTOpIApP/Ibl KEIICHI KOJJaHyFa Heri3aereH (OTOMMHAMUKAIIBIK TEPAUSHBI KOJIaHy Mocesesepi OONbIHIIA
manimertep Oepinren. ®JAT-HbIH Ka3ipri MyMKIHIIKTEPiH IIONYIBIH ©3EKTLIIr ipiHAi *Kapajapabl eMJIeyAe OChI
OMICTI KONJaHyFa XUPYpPr MaMaHAAP.IbIH YIKSH KBI3BIFYIIBUIBIFBIH TYIBIPABL. Makanaia eMHIH OCHI 9fICiH 93ipiey
Typasbl KbICKAIIa TAPUXU OH YKAFBIHAA KEITIPUITCH, OHBIH OPEKET €Ty MPUHIMITEPI MECH MEXaHU3MIEpi KOpPCETil-
reH. XUpyprusuiblK ToxKipuOeae (oToArnHAMUKAIBIK TEPAUsHBI KOJIIaHy MYMKIHIIKTEpl TangaHa sl [piHai-HeKpo3-
JITBI JKapaiapsl eMIey YIIiH 9IICTi 0J1aH 9pi 93ipIieyiH MepCIeKTUBACH HEeTi3eNe .

Tyiiin ce3aep: masepiik MeIuIHHA, (HOTOAMHAMHUKAIBIK Tepamnus, (oToCeHCHOMIN3aTop, GOTOTMHAMUKAIBIK
Tepamus, ipiHmi kapa.
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OOTOAUHAMMUNYECKAS TEPAIIUA
MPU JJEYEHUU MAIIMEHTOB C THOMHBIMU PAHAMM

AHHOTanMsl. B Hamy 1HW aKTHBHO Pa3BHBACTCS U BHEAPSIETCS B KIMHUYECKYIO PAKTHKY OTHOCHTEIBHO HO-
Bas MEIMIMHCKASI TEXHOJIOTHUS — (hOTOMMHAMHYECKAs Teparis. MeTox OCHOBaH Ha CIIOCOOHOCTH MHOTHX OHOJIOTH-
YeCKUX 0OBEKTOB (OIMyXOJIeBbIe, MUKPOOHBIC KIIETKH) KyMYJIHPOBATh XHUMHUYECKHE BemiecTBa — (HOTOCEHCHOMITN3a-
TOPBI, TIOCJIE YETO OHU CTAHOBATCS UYBCTBUTEIBHBIMU K COJIHEUHOMY CBETY, & TAKXeE JIA3€pHOMY H3JIyUYEHUIO OIpe-
JIenéHHOW JUIMHBI BOJIHBI. B KileTkax, kotopbie abcopOupoBaiu (oroceHcHOMIM3aTop 3amyckaercs (OTOXHMH-
YECKHd MpoLece ¢ TeHepalyeld CHHIIETHBIX (OpM KHCIOpOHa, KOTOPBI oflanaeT ASCTPYKTUBHBIM BIHSHHEM Ha
Ouosornyeckue cucteMsl. B 0030pe mpencraBieHsl CBEACHHUS 10 BOIPOCaM NPHUMEHEHUST (POTOANHAMHIECKOI Tepa-
MMM, OCHOBAaHHOM HAa KOMIUIEKCHOM MPUMEHEHHH CBETa W XMMHUYECKUX COCNUHEHUH — (HOTOCCHCHOMIN3ATOPOB,

— Q —



News of the National Academy of Sciences of the Republic of Kazakhstan

SIBIISTIOIIIMMCST OHUM W3 HAIPaBICHUH JIa3epHON MEIUIUHBL. AKTyallbHOCTh 0030pa CYIIECTBYIOIINX BO3ZMOKHOCTEH
@O/IT obycnosneHa OONBIINM MHTEPECOM CHENNATNUCTOB-XUPYPTOB K MPUMEHEHUIO TAHHOTO METOJA MPH JICUCHUH
THOMHBIX paH. B crarbe mpuBeneHa KpaTkasi HCTOPHYECKas CIIpaBa O pa3paboTKe JaHHOTO CIOoco0a JICYeHus], OCBe-
II€Hbl IPUHIUIBI 1 MEXaHU3MBI €r0 ACHCTBHSA. AHAIM3HPYIOTCS BO3MOKHOCTH NpPUMEHEHHs (OTOXMHAMHUYECKOH
Tepanuu B XUPyprudeckoi mpaxtuke. OOOCHOBBIBACTCS MEPCIEKTUBHOCTD JAlbHEHIICH pa3pabOTKH MeTona s
JIeYEeHNUsI THOMHO-HEKPOTHYECKUX PaH.

KoaioueBble ciioBa: jasepHas MeAuluHa, GoTogrHaMu4eckas Tepanus, GoToceHCHOMII3aTop, HOTONNHAMHU-
4yecKas Tepanus, THOMHasl paHa.
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