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TKAHUHHI IMYHHI KJIITUHHU TA IX POJIb Y ITIPOIIECAX
SATO€HHA THOIKOBAHUX ITPOMEHEBUX BUPA30OK
ITPU BILJIMBI ®OTOANHAMIYHOI TEPAIIII
(EKCHEPUMEHTAJIBHE TOCIII2KEHHS)

MeTa: BuBYeHHs BNMBY aHTubakTepianbHoi AT Ha AMHAMIKY TKAHUHHUX HEUTPOdinbHMX neiikounTie CD18 i TKaHUH-
Hux makpodaris ED1 B TKaHMHax iH(IKOBaHOT NpOMeHEBOT BUPa3KM Ha eTanax CMOHTAHHOTO 3arOEHHA 1 NPy NiKyBaHHi
oaT.
Marepianu i metoau. IHdikoBaHy npomeHeBy BMPa3Ky MOLENIOBANM WAAXOM JIOKANbHOTO PEHTreHiBCbKOro on-
POMiHEHHS WKipW cTerHa uypa B fo3i 85,0 [p 3 nofanbWmMM HAaHECEHHAM HA MOBEPXHIO BUpa3ku GakTepianbHoi cyc-
nexsii. ®AT npoBogunu 3a gonomoroto GoToHHOro anapaty «bapsa-LED/630» i hoToceHcubinizatopa METUNEHOBOO
cuHboro. Bnnue O[T Ha cTaH KNiITUHHOTO iMYHITETY BM3HAYanu 3a IONOMOTOK0 iMyHOriCTOXiMiYHOTO METOAY 3a NoKas-
HUKaMW KinbKicHoro Bmicty HeiTpodinbHux nenkouutie CD18 i makpodarie ED1 Ha eTanax 3aroeHHA iHdiKkoBaHOT
NpoMeHeBOT BUPA3KMU.
Pesynbratu. B npoLeci cnoHTaHHOTo 3aro€HHsA NpoMeHeBOiT BUPa3kyu (KoHTponb I) auHamika 3miH BigHOCHOro 06'emy
TKaHUHHUX HeliTpodinbHux neikouutie CD18 Ta makpodaris ED1 B 30Hi ypameHHs, 3HMKeHHs iHaekcy CD18/ED1 y
MOHaf 2 pa3u CBiAYMAM, WO NepemMUKaHHa HelTpodinbHOT peakuii Ha MakpodaranbHy BigbyBanocs go 52-i gobu
cnoctepexeHHs Mpu iHdikyBaHHI npoMeHeBOT BUpa3ku S. aureus (KoHTponb II) nepemukaHHA HeilTpodinbHOT peakuii
Ha MakpodaranbHy He Bigbynocs NpoTaroM BCbOro nepiogy cnoctepexeHHs. Mpu 3actocyBanHi ®AT y pasi iHdikosa-
HOi S. aureus npomeHeBoOi BUpa3ku (RocnigHa rpyna) 3HumxeHHs iHpekcy CD18/ED1 Bu3Havanocs noynHatoum 3 21-i
L00M cnocTepexeHHs.
BucHoBKu. Mo3uTnBHMII edeKT aHTMbakTepianbHoro metogy ®LT iHdikoBaHUX S. aureus npoMeHeBMUX BUPA3OK NposB-
NABCA TMOBHOIO MiKPOOHOK [AEKOHTaMiHaLi€l0 paHu, CKOPOYeHHAM a3 paHOBOrO NMPOLECY, MOBHUM 3arOEHHAM Npo-
MeHeBOT BMpa3ku. 3actocyBaHHa O[T npussoanno ao 3arnbeni 6akTepiit, 3HUKEHHS KinbKOCTi HENTPODiNbHUX Net-
KOLMTIB 1 30iNbleHHA MaKpodarie y 30Hi ypaXKeHHs, nepeMuKkaHHs HenTpodinbHOT peakuii Ha peakLitlo MOHoLMUTap-
HO-MaKpodaranbHMX KNiTUH BXe Ha PaHHiX CTaifAX 3aro€HHS.
KniouoBi cnoBa: otognHamiyHa Tepanis, dpotoceHcnbinizatop, hotonioam, iHhikoBaHi NpoMeHeBi BUpPa3Ku.
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TISSUE IMMUNE CELLS AND THEIR ROLE IN THE HEALING
PROCESS OF INFECTED RADIATION ULCERS UNDER THE
IMPACT OF PHOTODYNAMIC THERAPY (EXPERIMENTAL STUDY)

Objective: to study the effect of antibacterial photodynamic therapy (PDT) on the dynamics of tissue neutrophilic
leukocytes CD18 and tissue macrophages ED1 in the tissues of infected radiation ulcer during the stages of sponta-
neous healing and in the treatment of PDT

Materials and methods. Infected radiation ulcer was modeled by local X-ray irradiation of the rat thigh skin at a
dose of 85.0 Gy, followed by applying to the surface of the ulcer bacterial suspension of S. aureus. PDT was performed
using a «Barva-LED/630» photonic apparatus and a methylene blue photosensitizer. The effect of PDT on the state
of cellular immunity was determined using an immunohistochemical method based on the quantitative indices of
neutrophilic leukocytes CD18 and ED1 macrophages during the stages of healing of an infected radiation ulcer.
Results. In the course of spontaneous healing of the ulcer (control I), the dynamics of changes in the relative vo-
lume of tissue neutrophil leukocytes CD18 and ED1 macrophages in the lesion zone, a decrease in the CD18 / ED1
index more than 2 times indicated that switching of the neutrophil response to macrophage occurred before 52™
days of observations. When infected with S. aureus X-ray (control II), the switching of the neutrophil response to the
macrophage did not occur during the entire observation period. When using PDT in the case of S. aureus infected
ulcer (experimental group), the decrease in the CD18 / ED1 index was determined from the 21 day of observation.
Conclusions. The positive effect of the antibacterial PDT method of infected S. aureus radiation ulcers was manifes-
ted by complete microbial decontamination of the wound, reduction of phases of the wound process, complete hea-
ling of radiation ulcers.The use of PDT has led to the death of bacteria, a decrease in the number of neutrophilic
leukocytes and an increase in macrophages in the lesion area, the switching of the neutrophilic response to the

reaction of monocyte-macrophage cells in the early stages of healing.
Key words: photodynamic therapy, photosensitizer, photodiodes, infected radiation ulcers.
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BCTYII

OnHielo 3 roJ0BHUX (DYHKLIN JEHAKOLMTIB € 3ar00i-
TraHHS PO3BUTKY 3alajJbHUX ITPOLIECIB i 3HUILEHHS
MiKpo0OiB B ocepenkax iHgekii. BctaHoBieHo, 1110
Mirpailis JeMKOLUMTIB 10 Micls TTOLIKOIKEHHS TKa-
HUH, ocepeaKy iHheKIlii ado 3amaaeHHs TOYMHAETHCS
31X aaresii (MPWIMMAHHS) IO €HAOTENiI0 CYIUH 3ama-
JICHUX TKaAHWH, IIPU IIPOXOIKEHHI IO KPOB’SIHOMY
pycay (mepeBaXkHO B BEHYJAX) KIIITUHU MPUKPITLIIO-
IOThCSI IO €HAOTENIII0 CYIMH, Ha SKUX EKCIPECYIOThCS
peLenTopu s ageresii aeikouurtis [ 1, 2]. Kpim Toro,
KJIITMHY B 30Hi 3aITaJieHHsI, 30KpeMa Makpodaru, ce-
KpeTyIOTh y BUIVISIAI 3aXMCHOI peakilil HUUTOKIHM, SKi
Ha MOBEPXHi KJITUMH €HIOTEsil0 BUKJIMKAIOTh YTBO-
peHHs1 MoJiekya aaresii. OCTaHHI MPUTATYIOThH i MO-
B’SI3YIOTH 3 COO0I0 LIMPKYJITIOI0Yi JISUKOIIUTH, SIKi uepe3
CYMiXHI eriTesiajbHi KJIITUHU 30iACHIOIOTh TPAHCEH-
JoTeJTliabHy Mirpailito y BOrHuIIE 3anajeHHs [1, 2].

B«J Larysa 1. Simonova, e-mail: patphisiologia imr@ukr.net

INTRODUCTION

One of the main functions of leukocytes is to prevent
the development and induce destruction of microbes in
the foci of infection and inflammatory processes. It has
been established that the migration of leukocytes to the
site of tissue damage, focus of infection or inflamma-
tion begins with their adhesion to the vascular
endothelium of inflamed tissues, when passing through
the bloodstream (mainly in the venules) cells attach to
the vascular endothelium, on which receptors for
leukocyte adhesion are expressed [1, 2]. In addition,
cells in the outbreak of inflammation, in particular
macrophages, secrete in the form of a protective reac-
tion cytokines, which on the surface of endothelial
cells cause the formation of adhesion molecules. The
latter attract and bind circulating leukocytes, which,
through adjacent epithelial cells, carry out trans-
endothelial migration to the inflammatory focus [1, 2].
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JoTtemnep BiIKPUTO TPU CYNEPPOAMHU KIITUHHUX
MOJIeKya aAresii: CeJeKTUHU, iHTETPUHU i psd iMy-
HornoOymiHiB. Cepel iHTErpyUHIB BUIIIEHO 3 TTApO-
JIUHU, B ONHY 3 SIKMX BXOAMUThL OeTa-2-iHTerpuH
(CD18), 1o ekcrnpecyeTbes MepeBakHO Ha TKAaHWH-
HUX HeUlTpodinbHux neilikouutax [3]. OnwucaHo
PiAKiCHI TeHEeTUYHi 3aXBOPIOBAHHS, CIIPUUYMHEHI I0-
pYIIEHHSIM JIHKOIUTapHOL aaresii, HaIIpuKJyaa, He-
JNIOCTAaTHICTh OeTa-2-iHTeTpUHY BHACIIZOK MYyTallii
oro reHa, 110 IMPU3BOAUTH OO0 3HMXKEHHS OIIipHOCTI
OaxTepiaTbHUM iH(PEKIIisIM i YITOBITbHEHHS 3aTOEHHS
paH [4]. 3a gesgKuX YMOB y TKaHMHaX MOXE CITOC-
Tepiratucs ocjiabjieHHs 3allaJiIbHUX peakliliii, He3Ba-
JKalouyu Ha BUPAKeHU HEATPODiIbHUI JIEHKOLIUTO3,
came yepe3 HecTauy jeiikouuTiB CD18 [4]. Tomy Baxk-
JIMBO OLIHUTU HE TMPOCTO 3MiHM KiJIbKOCTi TKAHWH-
HUX JIEMKOLIMTIB B MPOLIECi 3arOEHHS MOIIKOIKEHUX
TKaHWH, 0COOJMBO iH(pIKOBAaHUX paH, a i BUSIBUTU
JIEUKOLMTHU, 11O BOJIOAIIOTh MOJIEKYJIaMU MIXKKIITUH-
HOI azaresii.

doromunamiuna tepamisg (PAT) mmpoko 3acToco-
BYETbCS y JIIKYBaHHI 3amajibHUX i mposichepaTUBHUX
3aXBOPIOBaHb, 3JI0SKiICHUX HOBOYTBOpPEHb [5—8]. V -
HiYHUX Ta eKCIepUMEHTaIbHUX MOCJIIKEHHSIX BCTa-
HoBJeHO, 1110 PJIT Mozke akTUBYBaTH iMyHHY BiIIOBi/Ib
opraHiamy npotu nyxiauH [9—11]. BuzHauyeHO poJib
MakpodarajibHUX LIMTOKIHIB Y CTUMYJISILIIT JIOKAJIbHOTO
i CUCTEMHOTO 3arajieHHs1 npu 3actocyBanHi ®IOT [12].

[MepcriekTMBHUM HampsiMKoM € BukopuctanHsa OIAT
y JIIKyBaHHi paH, 110 TPUMBAJIO HE 3arolOIOThCs, 3 aH-
THOIOTUKOpPE3UCTEeHTHOIO hoporo [13—19]. bakrepn-
uuaHa i 6akrepioctatnyHa giss ®IAT Ha 30yIHUMKIB
iH(EeKIMHUX 3aXBOPIOBaHb 3MIMCHIOETHCS 32 JTOMTOMO-
rolo reHepallii CHHIJIETHOTO KUCHIO i TepeKUCHUX paau-
KaJiiB (poToceHcHOimizaTopaMH, 1110 3HAXOASATHCS 30BHi i
BCepennHi 0aKTepiaabHOI KIITUHU 3 MOJAJIBIINM PO3-
BUTKOM oTtoTokcuuHux peakiiiii [20]. ®AT rHiliHMx
iH(eK1ili € mpoLecoM B3aEMO/IiT aKTUBHUX (DOPM KHUC-
HIO 1 TOKCUMYHMX padvKalliB 3 0akTepialbLHUMU TilaMMU.
Pesynbratu 1ie€i B3aemoii 3ajiexkath Bil iHTEHCUBHOCTI
TeHepallil CUHIJIETHOTO KUCHIO, aKTUBHOCTI aHTUCTpPE-
COPHMX TPOTEIHIB, aHTUOKCUAAHTHUX (pepMEHTIB OaK-
Tepiit 1 GaraThox iHILKX dakTopis [16, 18, 19].

EdexruBnicts OT/I nociimkeHa HaMu Ha eKCTIEPU-
MEHTaJIbHill MoJielTi iH(ikoBaHOiI Pseudomonas aerugi-
nosa TIpoMeHeBoi BUpa3ku mKipu. HasBHicTh Pseudo-
monas aeruginosa y IpOMEHEBii1 BUpa3Ili MPU3BOIMIIA
JO 30iJbIIEHHS TIUIOIII paHOBOi TIOPOXHWHU B
MOPiBHSHHI 3 HEiH(PiKOBaHOIO TPOMEHEBOI BUPA3KOIO
i 10 iCTOTHOIrO rajbMyBaHHS TpPOLIECIiB 11 3arOEHHSI.
IIpuennanng gaxkropa iHQIKyBaHHS 3HWKYBAJO aK-

To date, 3 superfamilies of cellular adhesion mo-
lecules have been discovered: selectins, integrins,
and a number of immunoglobulins. Among the
integrins, 3 subfamilies are distinguished, one of
which includes beta-2-integrin (CD18), which is
mainly expressed on tissue neutrophilic leukocytes
[3]. Rare genetic diseases caused by impaired leuko-
cyte adhesion are described, for example, beta-2-
integrin deficiency due to mutation of its gene,
which leads to a decrease in the resistance to bacte-
rial infections and delayed wound healing [4].
Under certain conditions, a weakening of inflam-
matory reactions can be observed in the tissues,
despite expressed neutrophilic leukocytosis, pre-
cisely because of the lack of CD18 leukocytes [4].
Therefore, it is important to assess not just changes
in the number of tissue leukocytes in the healing
process of damaged tissues, especially infected
wounds, but the identification of leukocytes with
intercellular adhesion molecules.

PDT is widely used in the treatment of inflam-
matory and proliferative diseases, malignancies
[5—8]. In clinical and experimental studies, PDT
has been shown to activate the body’s immune
response against tumors [9—11]. The role of
macrophage cytokines in stimulating local and
systemic inflammation in the use of PDT has been
determined [12].

A promising direction is the use of PDT in the
treatment of long-term non-healing wounds with
antibiotic-resistant flora [13-19]. The bactericidal
and bacteriostatic action of PDT on infectious
agents is carried out by the generation of singlet
oxygen and peroxide radicals by photosensitizers
located outside and inside the bacterial cell with
the subsequent development of phototoxic reac-
tions [20]. PDT purulent infections are the process
of reacting reactive oxygen species and toxic radi-
cals with bacterial bodies. The results of this inter-
action depend on the intensity of singlet oxygen
generation, the activity of antistressor proteins,
antioxidant enzymes of bacteria and many other
factors [16, 18, 19].

The efficacy of PTD was investigated by us in an
experimental model of infected skin ulcer Pseudo-
monas aeruginosa. The presence of Pseudomonas
aeruginosa in the radiation ulcer led to an increase in
the area of the wound cavity compared to uninfec-
ted radiation ulcers and to a significant inhibition of
its healing processes. The attachment of the infec-
tion factor reduced the activity of reparative proces-

(1) 252



ISSN 2304-8336. pobnemu paniauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

EXPERIMENTAL

RESEARCH

TUBHICTb peNapaTUBHUX IPOIIECIB Yy MPOMEHEBI BU-
pasui Ha 20 % nopiBHsHO 3 HeiHdikoBaHOW. OTI cripu-
siJla IOBHOMY 3arOEHHIO B CEPEeIHBOMY Ha OIWH MiCSIIb
paHilile, HixXK y TBApUH KOHTPOJbHUX rpym [21, 22 ].

Oco0nuBHiA iHTEpeC MpeAcTaBise€ y4acTh TKAHUHHUX
iMYHHMX KJIITMH B IIpOLIECi 3aro€HHSI iH(iKOBaHUX IPO-
MEHEBUX BUPA30K, OCKIJbKM BiIOMO IPUTHIUYIOUMIA
BIUIMB iOHi3yl0Uoi pajiallii Ha 3arajJbHU i MicueBUI
IMYHITEeT, B TOMY YMCJIi, Ha MPOYKILito Ta (GYyHKIIil HEAT-
POGUIBHUX JEUKOLMTIB i Makpodaris.

3 ommgmy Ha 1Ie, TIPW BUKOPHUCTaHHI aHTUMIKPOOHOL
®ONAT g nikyBaHHS iH(IKOBAaHMX €KCIIEPUMEHTATbHMX
MPOMEHEBUX BUPA30K aKTyaJIbHUM € BUBYEHHSI AUHAMIKU
CTaHy HEWTpOMdiITbHOI i MOHOLMTApHO-MakKpoddarajibHOI
TMOMYJIALIN Y TKAaHWHAX iH(piKOBaHOI IPOMEHEBOI BUPA3KI.

META JOCJIIZKEHHS

MeTto10 poOOTH OYyJ10 BUBYEHHSI BILUIMBY aHTHUOAKTEpi-
anpHol T Ha mMHAMIKy TKAHMHHUX HEATPODIIBHUX
neiikonutie CD18 i rkannHHMX Mmakpodaris ED1 B Tka-
HUHaxX iH(hiKOBaHOI MPOMEHEBOI BUpa3KW Ha eTarax
CIIOHTAHHOTO 3aro€HHs i mpu JikyBaHHi OT.

MATEPIAJIN 1 METOJIN

ExcniepuMeHT npoBeaeHo Ha 60 mrypax jaiHii Bicrap,
B X0li AKoro 0ynao copMoBaHO 4 rpynu: iHTaKTHa
(n = 10), 1Bi KOHTPOJIBLHI i TOCTimHA TPyIH. | KOHTPOIE-
Ha rpymna (n = 15) — TBapuHaM MOJEIIOBaIN [IPOMEHEBY
BUpPA3Ky LIKipy B AUISTHII cTerHa. Jo3a JIOKaJbHOTO OIl-
pomiHeHHs — 85,0 Ip. II koHTposbHa rpyna (n = 15) —
TBapyMHAM MOJEJIIOBaIl IIPOMEHEBY BHpa3Ky ILIKipH 3
HacTyImHUM (Ha 7-My 10Oy Tic/Isl OIMPOMiHEHHSI) HaHe-
CEeHHSM Ha 1i moBepxHIo 0,2 M1 cycrieHsii Staphylococcus
aureus (0,5 muH MikpoOHux KimituH/cm?). 111 mocninHa
rpyna (n = 20) — TBapuHM 3 iH(PIKOBAHOIO S. aureus TIpo-
MeHeBOI BUpa3Koio i noganbiiuM BrutuBoM DT Ha i
MOBEPXHIO.

ITpoMeHeBe yIIKOIKEHHS IIKipU LIypiB 3AiACHIOBAIN
B JUISIHLII BepXHbOI IMOBEPXHI CTEeTHa 3a JOIIOMOIOI
peHTreH-TepanesTnuHoro anapaty TUR-60. YMoBu or1i-
poMiHeHHs: Hampyra 50 kB, aHomHuii ctpym 10 MA,
dinerp 0,6 MM Al, moTyXHicTb 1031 33,5 Ip/XB.

IHdikyBaHHS TpOMEHEBUX YIIKOIKEHD IIPOBOIMIN Ha
7-My D00y Micis JTOKaJabHOTO OMPOMiHEHHS TIpU TOSBI
MeplInX O3HaK PO3BUTKY IPOMEHEBOi Bupasku. st
iH(iKyBaHHSI BUKOPUCTOBYBAJIM MYy3€ilHi pedepeHTHi
wtamu S. aureus ATCC 25923.

Brumus /T 3ailicHiOBaIM 3a TOTIOMOTOI0 (POTOHHO-
ro amapary «bapBa-LED/630» 3 BukopuctaHasim ¢o-
toceHcubinizaTopa 0,1 % po34MHY METUIEHOBOTO CU-
Hboro. EHepreruyHa eKCcno3ullisl 3a ceaHC CTaHOBUWJA

ses in the radiation ulcer by 20% compared with
the uninfected. PDD promoted complete healing
on average one month earlier than control animals
[21, 22].

Of particular interest is the involvement of tissue
immune cells in the healing process of infected
radiation ulcers, since it is known to suppress the
effect of ionizing radiation on general and local
immunity, including on the production and func-
tion of neutrophilic leukocytes and macrophages.

In this regard, when using antimicrobial PDT for
the treatment of infected experimental radiation
ulcers, it is relevant to study the dynamics of the
state of neutrophil and monocyte-macrophage
populations in tissues of infected radiation ulcers.

OBJECTIVE

The research objective was to study the effect of anti-
bacterial PDT on the dynamics of tissue neutrophilic
leukocytes CD18 and tissue macrophages ED1 in the
tissues of infected radiation ulcer during the stages of
spontaneous healing and in the treatment of PDT.

MATERIAL AND METHODS

The experiment was conducted on 60 Wistar rats,
divided on 4 groups: intact (n = 10), two control
and one experimental groups. In the I control group
(n = 15) — animals simulated radiation ulcer of the
skin in the thigh area by application of 85.0 Gy
local dose. Control group II (n = 15) — animals
were simulated radiation ulcer of the skin followed
by application of 0.2 ml of Staphylococcus aureus (S.
aureus) suspension (0.5 million microbial cells/cm?)
onto its surface on the 7" postradiation day. 111
experimental group (n = 20) — animals with radi-
ation ulcers infected with S. aureus and the subse-
quent influence of PDT on their surface.

Radiation damage to the skin of rats was applied
to the upper thigh with an X-ray therapy device
TUR-60. Irradiation conditions were following:
voltage 50 kV, anode current 10 mA, filter 0.6 mm
Al, dose rate 33.5 Gy/min.

Infection of radiation damage was performed on
day 7 after local irradiation with the appearance of
the first signs of the development of radiation
ulcer. For infection, museum reference strains of
S. aureus ATCC 25923 were used.

The influence of PDT was carried out using a
Barva-LED/630 photonic apparatus using a pho-
tosensitizer with a 0.1 % solution of methylene
blue. The energy exposure per session was 45 J/cm?.
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45 Ix/cm?. Kype nikyBanus OJIT ckinagaBcs 3 1BOX ce-
aHCiB 3 iHTepBajoM 3 100u.

TBapuH BUBOIMIN 3 ekKcniepuMeHTy Ha 14, 21, 30, 37,
52-Ty mo0y TIic/Is1 OITPOMiHEHHS.

YMoOBM yTpUMMaHHS Ta MOBOJXEHHSI 3 TBapUMHAMU
BiAMoBigaln BUMOTaM «EBpoOINeicbKOli KOHBEHIil
Opo 3aXUCT XpeOETHUX TBApUH, SIKi BUKOPUCTOBY-
I0TbCSI B €KCHEePUMEHTAJbHMX Ta iHIIMX HayKOBHUX
mimax [23, 24].

MartepiaioM MOP(OJAOTriYHOrO AOCHIIXKEHHS CIyryBa-
JIa TIKipa 3 MiIJIETIMMU M’ SIKUMHW TKaHMHAMW B TUTSTHIIL
CTerHa 1ypa, e MOAeJ0BaId IIPOMEHEBY BUPA3KY.

OTpuMaHMil Bif eKCIIepUMEHTaJbHUX TBapWUH Ma-
tepian dikcyBanu B 10 % po3unHi popmariny. ImyHoric-
TOXiMiUYHEe HOCHiIKEHHS MPOBOIMIM Ha TapadiHOBUX
3pi3ax TOBIIMHOIO 5—6 MKM MPSIMUM 1 HENIPSIMUM METO-
nom KyHca 3a metoaukoio M. Brosman (1979) 3 Buko-
pUCTaHHSIM MOHOKJOHaAbHUX aHTUTLT (MKA) no CD
18 i ED1 (Novocastra Laboratories Ltd.).

IIpenmapatu BuBYaAIM B JIIOMiHECLIEHTHOMY MiKpOC-
Komi «Axioskop 40». ONITUYHY IIUTBHICTh iIMyHOQITIO-
pecleHil KIiTUH BU3Havanu 3a metoaoM I. I. Tyou-
Hoi-Bakynmuk i crmiBaBT. [25]. KinbKicTh iMyHHUX KJTi-
TUH BU3Ha4Yaau y noJi 3opy x 400 i HaBoguIu y BigcoT-
Kax (%). OOuumciaoBanM JICHKOUMTapHO-MaKpoda-
rajJlbHUM iHAEKC SIK CIIiBBiIHOIIEHHSI CepeaHiX 3Ha-
yeHb BimHocHUX o6csariB CDI18 ngo EDI1. /Ing mopiB-
HSUJIBHOTO aHaji3y cepedHiX 3HaYeHb MOKAa3HUKIB BU-
kopuctoByBain U-tect ManHa-YitHi (U-test Mann-
Whitney) [26].

PE3VJIBTATU TA OBTTOBOPEHHA

V iHTaKTHMX ILIYypPiB y 3pa3Kax MIKipH i MiAIETIUX M’ IKUX
TKAHUH, y39TUX Y BiIMOBiIHUX AiASHKAX, MNpPU iMy-
HOTICTOXIMIYHOMY AOCJiIXKEHHi Oyaud BUSIBJICHI TUIbBKU
MOoOAMHOKI HelTpodinbHi neiikountn (CDI18), cepen
MakpodariB TakKoxX Big3Havyalaucsl MOOAUHOKI KIiTUHMU,
1110 eKCIpecyloTh petenTtopu o ED1.

JlvHaMiKa KiJIbKiCHOrO CKJialy TKAaHUHHUX IMYHHMX
KJIITUH Y MiAJ0CIiAHUX TBAPUH BCiX IpyI IpeacTaBieHa
B TaOauMLi 1.

3 npencTaBlieHUMX AAHUX BUIHO, 10 Y TBAPUH 3 MPO-
MEHEBOIO BMpPa3Kow (KOHTposb | — JoKajgbHEe OmpoMi-
HEHHS$I, CTIOHTAHHE 3arO€HHS) YIpoaoBX 14 mi6o micis
OIPOMiHEHHS B IEPUYbLIEPO3Hill 30Hi BiTOyIMCs BUpa-
JKE€Hi CTPYKTYPHi 3MiHU. Y 30Hi ONTPOMiHEHHS BU3HAYaAB-
csl BEIMKUI OeeKT paHu — IIpOMEHeBa BHpasKa, sIKa
JoXoauia 10 IMMOOKUX BimmisiB nepMu. AHaji3 iMyHO-
TicTOXiMiYHUX TMpenapariB ITokKa3aB, 110 Cepel BCiX
iIMYHHMX KJIITUH MepeBaXaad HEUTpoiibHi TIEMKOLUTH
(C18), a ix BimHOCHMIT 00’€M cTaHOBUB 58,4%.
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The course of treatment of PDT consisted of two
sessions with an interval of 3 days.

Animals were removed from the experiment on
the 14™, 21¢, 30", 37" 52" day after irradiation.

The conditions of detention and treatment of
animals met the requirements of the European
Convention for the Protection of Vertebrate
Animals, which are used for experimental and
other scientific purposes [23, 24].

The material for the morphological study was the
skin with the underlying soft tissues in the thigh area
of the rat, where had been simulated radiation ulcer.

The material obtained from experimental animals
was fixed in 10 % formalin solution. Immunohisto-
chemical studies were performed on paraffin sec-
tions 5—6 pm thick using the direct and indirect
Coons method according to the method of M. Bros-
man (1979), using monoclonal antibodies (MCA) to
CD 18 and ED1 (Novocastra Laboratories Ltd.).

The preparations were studied in an Axioskor 40
fluorescent microscope. The optical density of the
immunofluorescence of the cells was determined
by the method of G. I. Gubina-Vakulik et al. [25].
The number of immune cells was determined in a
field of view x 400 and expressed in percent (%).
The leukocyte macrophage index was calculated
as the ratio of the average values of relative vol-
umes of CD 18 to ED 1. The U-test Mann-
Whitney was used for comparative analysis of the
mean values [26].

RESULTS AND DISCUSSION

An immunohistochemical study revealed only
single neutrophilic leukocytes (CD18) in intact
rats in skin and soft tissue samples taken at the
relevant sites, and single cells expressing EDI
receptors were also observed among macro-
phages.

The dynamics of the quantitative composition of
tissue immune cells in experimental animals of all
groups are presented in Table 1.

From the presented data it can be seen that by 14
days after irradiation in animals with radiation ulcer
(control I — local irradiation, spontaneous healing)
expressed structural changes occurred in the periul-
cerous zone. In the area of exposure, a large wound
defect was determined — a radiation ulcer that
reached the deep parts of the dermis. The analysis of
immunostochemical preparations showed that neu-
trophilic leukocytes (CDI18) prevailed among all
immune cells, and their relative volume was 58.4%.
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Ta6auusa 1

CepepHi 3HayeHHA BiAHOCHUX 06'€MiB TKAHUHHUX IMYHHUX KNiTUH (%), (M = m)

Table 1

Average values of tissue immune cell relative volumes (%), M + m

Homep rpynn,

Tepminn excnepumenty, pHi / Terms of the experiment, days

YMOBM €KCNepuMeHTY MokasHuku
Group number Indices
experimental condi’tions 14 21 30 37 52
|, KOHTPOMb: MPOMEHEBa BUpaska CD18 58.44 £ 0.21 54.20 £ 0.71 49.15+0.60 46.12+0.92 39.07 £ 0.64
|, control: radiation ulcer ED1 6.48 + 0.40 8.13+0.43 10.03 = 0.42 10.42 + 0.66 9.12 £ 0.50
CD18 / ED1 9.20 +0.60 6.76 = 0.38 494 +0.23 452 +0.29 4.36 +0.28
Il, KOHTPOMb: MPOMeHeBa Bupaska + S. aureus CD18 69.40 £ 0.46*  62.18 £0.80*  59.42+1.03* 56.35+0.49* 49.42 +1.02*
I, control: radiation ulcer + S. aureus ED1 5.15+047* 7.13 =0.36* 8.13 £ 0.45* 8.35 = 0.34* 11.13 = 0.59*
CD18/ED1  13.98 +1.11* 8.77 + 0.46* 7.43 +0.47* 6.18 = 0.33* 450 +0.23
[ll, nocnin: mpoMeHeBa BUpaska + cD18 54.00 £ 0.58"** 36.08 + 0.33%* 2350 + 1.03"** 17.33 + 1.03%** 12.00 = 1.03"**
S. aureus + O[T ED1 1425 +0.315% 1417+1.03%%  9.00+052  7.33+1042* 5.35=+0.49%*
Ill, experiment: radiation ulcer + CD18/ED1  3.80 +0.08"*  2.56 +0.09%* 2.66 +0.16%* 2.39+0.11%* 235+ 0.24%*

S. aureus + PDT

TpUMITKM. *»** — [OCTOBIpHA BIAMIHHICTb Bifl KOHTPOALHOI rpymi | (p<0,05; p<0,01 Bignogiaxo) 3a U-test Mann—Whitney; *#* — nocToipHa BigMiHHICTb Bif, KOHTPORLHOI rpynM Il

(p<0,05; p<0,01 signosinHo) 3a U-test Mann—Whitney.

Notes. *** — significant difference from the control group | (p <0.05; p <0.01, respectively) according to the Mann — Whitney U-tes

group Il (p <0.05; p <0.01, respectively) according to Mann — Whitney U-test.

t; ##* _ significant difference from control

BoaHouac nonynsiisgs Makpodaris ED1 1e npencras-
JieHa cj1abo, TOMY iHAEKC CITiBBIAHOILLIEHHS JaHUX MOITy-
JiLii OyB e nocuth HU3bKMit (9,20 + 0,60). [MoxioHa
KapTuHa 30epiranacs Ha 21-1y i 30-Ty 100y, aje nocTy-
MOBO BiAHOCHA KiJbKiCTb HEUTPODiIbHUX JIEHKOLIUTIB
MOYMHAJIA 3HIKYBAaTUC i Ha 52-Ty 100y CTaHOBUIIA BXe
39,1 % (p < 0,05 BizHOCHO BuXimHOro 3HayeHHs ). [Tapa-
JIeJIbHO Big0OyBaocs 30iJblIeHHS KiIbKOCTI TKAHUHHUX
makpodariB ED1 ax g0 37 1i6 ekcriepumenty (3 6,48 %
no 10,42 %) i, BignmoBigHO, B3HWXKEHHS IHAEKCY
CDI18/EDI B nonan 2 pasu. o 52-i moOu mormynsiis
MakpodariB B JaHili rpyTli IepecTaBajga HapOCTaTH i Mo-
YHAaJa TPOXU 3HILKyBaTUCS. ToOTO, MpU CLIOHTAHHOMY
3arO€EHHI TIPOMEHEBOI BUPa3KU 10 52-1 mo0M BxKe BigOy-
Bajiocs MepeMUKaHHs HeHWTpodiibHOI peakilii Ha MaK-
podaraibHy.

IHdikyBaHHS TpOMEHEBO1 BUPA3KU 1ITaMOM S. aureus
MigBUIYBAJIO KiJbKiCTh HEUTPODINBHUX JIEHKOIIMTIB
CDI18 o 68,2 % (p < 0,05 BimHOCHO MOKa3HUKA B KOHT-
poii 1). Y cTpyKTypi TKAaHMH TPOMEHEBOI BUPa3KHU Tepe-
BakaJli THIHHO-HEKPOTUYHi MpolIapku. ¥ MpoOMeHeBiit
BUpa3Li BoHU ctaHOBWIM Big 51 % nmo 68 % 06’emy pa-
HOBOI MopoxXHUHU Ha 14, 21 i 30-Ty 100Yy.

YV Bci HacTyIIHi TepMiHM CIIOCTEPEXEHHS BiTHOCHUIA
00’eM seiikouutiB CD18 nepeBulyBaB BiAMOBiaHi ITO-
Ka3HUKU Y TiUIbKU ONPOMiHEHUX TBAapUH NPUOIM3HO HA
10 % i no 52 ni6 craHoBuB 48,1 %. OnmHOYacHO BigOyBa-
Jlocss 30iJbIIEHHS MOMyJsdlii MakpodariB, ane ix
KUJIbKiCTh Oyj1a MPaKTUYHO B yCi TEPMiHM MEHIIA, HiX y
TUILKU OMPOMiHEHUX TBapuH. ToMy iHAEKC CIiBBiIHO-

At the same time, the population of macrophages
ED1 was still poorly represented, therefore the
ratio index of these populations was still quite low
(9.20 % 0.60). A similar pattern persisted on days 21
and 30, but gradually the relative number of neu-
trophilic leukocytes began to decline and by day 52 it
was already 39.1 % (p < 0.05 relative to the initial
value). In parallel, there was an increase in the num-
ber of tissue macrophages ED1 up to 37 days of the
experiment (from 6.48 to 10.42 %) and, accordingly,
a decrease in the CD18/ED1 index of more than 2
times. By 52™ day, the population of macrophages in
this group ceased to grow and began to decline slight-
ly. That is, with the spontaneous healing of radiation
ulcers, by the 52" day, the switching of neutrophilic
reaction to macrophage one had already occurred.

Infection of radiation ulcer with the S. aureus
strain increased the number of CD18 neutrophil
leukocytes to 68.2 % (p < 0.05 relative to the con-
trol I). In the tissue structure of radiation ulcers,
purulent-necrotic layers prevailed. In radiation
ulcer, they comprised from 51 to 68 % of the vol-
ume of the wound cavity on days 14, 21, 30.

During all subsequent follow-up periods, the rel-
ative volume of CD18 leukocytes exceeded the cor-
responding figures in only irradiated animals by
about 10 % and was 52.1 % by day 52. At the same
time, there was an increase in the population of
macrophages, but their number was almost all the
time less than that of only irradiated animals.
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IIEHHS JIeMKOLMTapHO-MaKpodaraIbH1X ITOMYJISIii
OyB y Ipyii iHpikoBaHUX NpuOAM3HO B 1,5 paza BU-
IIMM Maitke Bech Mepiof crocTepekeHb (1o 37-i go-
ou). KinbkicTs Makpoddaris y 1iif rpyIi mpogoBxKyBaia
30ibIIYBATUCS A0 KiHLS eKCIiepuMeHTy (52-ra 100a).
Ile cBimuwuio, 110 MepeMUKaHHS HEATpOMiILHOI pe-
aKuii Ha MakpodarajibHy y TBapwH 3 iH(]IKOBaHOIO
MPOMEHEBOIO BUPA3KO0I0 HE BimOyBasiocs TIpOTIrom 52
Ji0 crocTepekeHHs, TOOTO 3alli3HIoBaIacs MOPiBHSIHO
3 TiJIbKM ONPOMiHEHUMU TBapUHAMMU.

VY mypiB gociigHoi rpymnu, ki orpumyBann ®/1T, Ha
TJIi MOBHOI AeKOHTaMiHallil MiKpoOiB 3 TTOBEpPXHi paHU
BU3HAYAJIOCS ITOXBABJIICHHS pereHepaTOPHUX IIPO-
eciB [21]. Ha BinMiHy Bix ABOX KOHTPOJIbHUX TPYI
(HenmikoBaHux TBapuH) y wypiB micas AT Bxke Ha
14—30-Tty no0Oy JeHKOUMTapHO-HEKPOTUUHUM IIap
3MeHIyBaBcs Ha 18—32 %. 1o 37 nib neiiKouTapHoO-
HEKpPOTHMYHiI BOTHMINA Y TIPOMEHEBili BMpa3Li
NpPOJIIKOBAaHMX TBApUH Oy/IU BiICYTHI.

IpanynsauiiiHna TkaHuHa 3’sBasIacd BxXe Ha 14-Ty
00y 3 JOCTOBIpHUM MEPEBUILIEHHSIM 11 KiIIBKOCTI B YCi
TepMiHU crnocTepexeHHs. Ha 52-ry moOy rpany-
JIsIiiiHA TKaHWHA BXe He BM3Hayajlacsl, BigOyBajach
eriTestizalligd MOBEepXHi paHM 3 TIOBHUM 3arOEHHSIM
rmpomeHeBoi Bupasku i 100 % BimTHOBICHHSIM CITOJTYY-
HOI TKAHUHM.

Y mypiB mocnigHoi rpynu, ki orpumyBaiu OIT,
BiZ3HAYaJ0Cs OUiKyBaHe 3HMXKEHHS KiJIbKOCTi HEHUT-
podinpHux neiikouutie CDI18. Bxe Ha 14-Ty moOy
BiZIHOCHMIA 00’€M LUX KJITUH OYB JOCTOBIpHO HUX-
ye, HixK B KOHTposibHUX rpymnax (52,3 %, p < 0,05), Ha
30-Ty moOy i mami 3HMXKYBaBcs B 2—3 pa3u i 10 52 #i6
craHoBuB Bchoro 12,0 %. IlapaienbHO HapocTaB
00’eM nmomnyJsuii Mmakpodarib: Bxe Ha 14—21-11y go-
0y 06’em ED1 3pocrtas g0 14,25—14,17 %, 1m0 maiixe
B 2 pa3u MepeBUIIYBaI0 aHAJIOTIYHi KOHTPOJIbHI MO-
kazHuku. Mo 30 mi6 o06’em makpodaraabHOI IOITy-
JISILil TOYMHAB 3HUXXYBAaTUCS i A0 52 1i0 cTaHOBUB
yxe Tiabku 5,35 % (p < 0,05 1o moyaTkoBOro 00’e-
My). Ingexkc CD18/ED1 OyB y wiit rpyri pi3ko 3HU-
KEeHUI 1 cTaHOBUB 10 52-1 1oou 2,35 %.

TakyM 4YMHOM, iMyHOTiCTOXiMiuyHi Ta MOpQOMET-
pUYHi JaHi MpPOMEHEeBOI BUpa3KM CBigyaTh IIPO
MMPUTHIYEHHS TIPOLIECiB 3aro€HHs, OCOOJMBO B
iH(iKOBaHill Tpymi, 110 OOYMOBIIOETHCS BILUTUBOM .S.
aureus. IlosutuBHuii edexr ®AT mposBasIBCI Y
MOBHilA MiKpOOHiil neKoHTaMiHallii paHU Ta MPUCKO-
peHHi 3aroeHHs. [1pu IbOMY TPUBaIiCTh BCiX KJIacU4-
HUX (a3 paHeBOro mnpolecy (3amajibHa, MpoJidepa-
TMBHA i peopraHiszailisi pyOlLis1) 3HaUHO CKOpouyBaacs
3 IOBHUM 3arO€EHHSIM IIPOMEHEBOI BUPa3KU.

Therefore, the ratio index of leukocyte-macrophage
populations was approximately 1.5 times higher in the
infected group for almost the entire observation peri-
od (up to 37 days). The number of macrophages in
this group continued to increase until the end of the
experiment (52 days). This indicated that the swit-
ching of the neutrophilic reaction to the macrophage
in animals with an infected radiation ulcer did not
occur for 52 days, i.e. is delayed compared with the
only irradiated animals.

Recovery of regenerative processes was determined
on the background of complete decontamination of
germs from the wound surface in rats of the experi-
mental group receiving PDT. In contrast to the two
control groups (untreated animals) in the PDT
treated rats already at 14—30 days the leukocyte-
necrotic layer decreased by 18—32 %. By day 37,
leukocyte-necrotic foci in the radiation ulcer of the
treated animals were absent.

Granulation tissue appeared already on day 14
with a significant excess of its quantity during all
periods of observation. By day 52, granulation tissue
was no longer determined, epithelization of the
wound surface was noted with complete healing of
radiation ulcer and 100 % restoration of connective
tissue.

An expected decrease in the number of neu-
trophilic CD18 leukocytes was observed in this
group. Already on day 14, the relative volume of these
cells was significantly lower than in the control
groups (52.3 %, p < 0.05), by 30 days and then de-
creased by 2—3 times and by 52 days was only 12.0 %.
At the same time, the volume of the population of
macrophages increased: as early as day 14—21, the
volume of ED1 increased to 14.25—14.17 %, which
was almost 2 times higher than the same control indi-
cators. By the 30" day, the volume of the macrophage
population began to decline and by the 52nd day it
was already only 5.35 % (p < 0.05 to the initial vol-
ume). The CD18: ED1 index was sharply reduced in
this group and amounted to 2.35 % by 52 days.

Thus, immunohistochemical and morphometric
data of radiation ulcers indicate the suppression of the
healing process, especially in the infected group, which
is due to the influence of S. aureus. The positive effect
of PDT was manifested in complete microbial wound
decontamination and accelerated healing. At the same
time, the duration of all the classic phases of the wound
process (inflammatory, proliferative and reorganization
of the scar) was significantly reduced with complete
healing of the radiation ulcer.
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OtpumaHi (pakTH TaKOXK CBigyaTh, 110 MPU BUKOPUC-
TaHHi aHTHOaKTepiabHOro Meroxy ®T mmicisa 3arnberi
OakTepiit BinOyBaylocsl HEe TiUILKM OYiKyBaHE 3HUKEHHS
KiJTbKOCTi HEUTPOMITbHUX JTEHKOLUTIB Y 30Hi TTOLIKOI-
>KeHHS, ajie i CTUMYJISLLSI MaKkpodaraibHoi peakilii, sika
HacTaBajia Habararo paHinie (Ha 2 TWXKHi), HiXX HaBiTb B
HeiH(piKoBaHill Bupasii. SIK BimoMO, CIIpUSTIMBUIA TIe-
pebir 3amajgbHOI peakilii i 3aTOEHHST paH 3ajexaThb Bil
CBOEYACHOTO i TOBHOIIHHOTO BKJTIOYEHHST MaKpodariB y
naToJIOTiYHMI npolec. BaxarMBo BiA3HAYMTH, 11O OIHi-
€10 3 BaXKJIMBUX (DYHKIIiH MaKpodariB € eKCIIpecis poc-
TOBUX (DaKTOpPiB, B TOMY YHUCIIi (pakTopa pocTy (idpos-
JIaCTiB, 11O BiJirpa€e BEJMKY POJIb Y MPOLIecax 3arOEHHS
paH pizHoro reHesy [2, 27]. Ha miacTaBi oTpuMaHux Aa-
HUX MOXHAa IIPUITYCTUTH, IO IIepeMUKAHHS HEWUT-
podiapHOI peakilii Ha peaklilto MOHOIUTAPHO-MaKpO-
(paranbHUX KIIITWH, sIKa CIIOCTepirajacsl B JIIKOBaHil
®/T rpyrmi TBapuH, € OOHAM 3 MEXaHi3MiB, 110 BU3HA-
4aloTh ITO3UTUBHUI paHo3arooBaibHUi edekt OT.

BUCHOBKU

1. ¥ npolieci CHIOHTaHHOIO 3arOEHHS IMPOMEHEBOT BU-
pa3KM TWHaMiKa 3MiH BiZTHOCHOTO 00’€My TKAaHMHHUX
HelTpodinbHuX aetrikountiB CD18 i makpodariB ED1
B 30Hi ypaxkeHHsI, 3HmKeHHs iHaekcy CD18/ED1 y mo-
Haj 2 pa3u CBiIYMIIM, 1110 A0 52-1 100U CrIoCTepeKEeHHS
BimOyBayiocst TIepeMrUKaHHS HEATpodiJIbHOI peakilii Ha
MakpodarajibHy.

2. BHacmimok mNpWUTrHiYeHHS IIPOLIECiB 3aro€HHS
iH(ikoBaHO1 S. aureus MPOMEHEBOI BUPA3KU MEepeMu-
KaHHS HEeUTpoibHOI peakiii Ha MakpodarajabHy He
BimOynocs mpotsaroM 52 Ai0 crocTepexXeHHs, TOOTO
3aMi3HIOBANIOCS TMTOPiBHSIHO 3i CHOHTAHHUM 3aTOEHHSIM
HeiH(iKOBaHOI BUPA3KU.

3. Tlo3utuBHMIT edeKT aHTHMOAKTEPiaTbHOTO METOMY
DT indikoBaHux S. aureus NMPOMEHEBUX BUPA30K
MpPOSIBISIBCS MOBHOIO MiKpPOOHOIO JeKOHTaMiHaLi€lo
paHu, CKOpOYeHHSIM (ha3 paHOBOTO IPOIIECY, IIOBHUM
3arO€HHAM IMPOMeHeBoi BUpa3ku. 3actocyBaHHsg OIAT
MPU3BOAMIIO N0 3arubesi O0akTepiii, 3HMKEHHS KiJlb-
KOCTi HEUTPOMDiNbHUX JEUKOLMTIB i 301JIbIIEHHST MaK-
podariB B 30Hi ypaxkeHHSI, TepeMUKaAHHS HEUTPOisib-
HOI peaxlIii Ha peakililo MOHOIIUTapHO-MaKpodaraib-
HUX KJIITUH Ha paHHIX CTadisX 3aTOEHHS.

CNMUCOK BUKOPUCTAHUX OAXEPEN

1. Knunudeckas narodumsnonorus : Kypc nekuuii / nog ped. B. A. Hepelu-
Hesa, 1. ®. Jiuteuukoro, B. H. Libirana. 2-e uan., ucnp. u gon. CaHkT-
Metepbypr : CnewJluT., 2015. 472 c.

2. MasiHckmin [ H. Xpounyeckoe Bocrnanexue. M : Meauumua, 1991.
272 c.

The findings also indicate that when using the anti-
bacterial PDT method, after the death of bacteria,
not only the expected reduction in the number of
neutrophilic leukocytes in the damage zone occur-
red, but also the macrophage response, which occur-
red much earlier (by 2 weeks) than even in an unin-
fected ulcer. As it is known, the favorable course of
the inflammatory reaction and wound healing de-
pends on the timely and complete involvement of
macrophages in the pathological process. It is worth
to note that one of the important functions of macro-
phages is the expression of growth factors, including
fibroblast growth factor, which plays a key role in the
healing processes of wounds of various genesis |2,
27]. Based on the data obtained, one can assume that
switching neutrophil response to the reaction of
monocyte-macrophage cells observed in the treated
PDT group of animals is one of the mechanisms that
determine a positive wound healing effect of PDT.

CONCLUSIONS

1. In the course of spontaneous healing of the ulcer,
the dynamics of changes in the relative volume of
tissue neutrophil leukocytes CD18 and EDI
macrophages in the affected area, a decrease in the
CD18 / ED1 index more than 2-fold indicated that
by the 52" day of observation, there was a switch to
neutrophil switching.

2. Owing to the suppression of healing processes of
S. aureus infected ulcer, switching of the neu-
trophil response to macrophage did not occur
within 52 days of observations, ie it was delayed in
comparison with spontaneous healing of uninfect-
ed ulcer.

3. Positive effect of the antibacterial PDT method of
infected S. aureus radiation ulcers was manifested by
complete microbial decontamination of the wound,
reduction of phases of the wound process, complete
healing of radiation ulcers.The use of PDT has led to
the death of bacteria, a decrease in the number of
neutrophilic leukocytes and an increase in macro-
phages in the lesion area, the switching of the neu-
trophilic response to the reaction of monocyte-
macrophage cells in the early stages of healing.
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