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BJIMSAHUE ®OTOAMHAMMWYECKON TEPAIIU HA
3AXKVBJIEHUE JYYEBOMU A3Bbl KOXKUN, MHOUIIMPOBAHHOM
PSEUDOMONAS AERUGINOSA

Llenb: BbIABUTL BAMAHKUE DOTOAMHAMUYECKON Tepanum Ha 3aXK1BAEHWEe IKCNEPUMEHTaNbHOM ly4eBOMN A3Bbl KOXW, UH-
tuumpoBaHHoi Pseudomonas aeruginosa.
Marepuanbl u meToabl. HbULMPOBaHHYIO NyYeBYIO A3BY MOLENMPOBAM NYTEM JIOKANIbHOTO PEHTITEHOBCKOrO 061y-
YeHUs KoM beppa Kpbichl B fo3e 85,0 [p ¢ nocnefyowmnm HaHeCeHUEM Ha NOBEPXHOCTb A3Bbl GaKTepuanbHON B3Be-
cn Pseudomonas aeruginosa. ®oTtoanHamnyeckyto Tepanuto (PT[1) npoBoannu c nomouwbto hoToHHOrO annapara «bapsa-
LED/630» u doToceHcnbman3aTopa METUNEHOBOTO CHero. Bausauue ®LT Ha CKOPOCTb M KaYeCcTBO 3aXKMBJIEHUA UH-
(h1uMpOBaHHOM Ny4YeBOI A3BblI ONPEAenanun NyTem CpaBHeHUA NoKasaTtenel rucToNnornyeckoro 1 MoppomMeTpuyecKo-
ro UCCNef0BaHNUSA KOXM U3 0611aCTU ly4eBOM A3Bbl KMBOTHBIX U3 KOHTPOJIbHLIX U fieyeHHoin OAT rpynn.
Pe3ynbTatbl U BbIBOAbI. Hannuune Pseudomonas aeruginosa B ny4yeBoii 38 NPUBOLMIO K YBENMYEHMIO NNOWAAN paHe-
BOM MOJOCTU MO CPAaBHEHWIO C HEMHDULMPOBAHHO NY4YEBO A3BOW U K CYLLECTBEHHOMY TOPMOXEHMIO NPOLLECcCoB ee
3axuBnenua. NpucoeanHenmne haktopa MHOULNPOBAHUSA CHUXKANO aKTUBHOCTb penapaTUBHbIX MPOLECCOB B JIy4eBOil
f3Be Ha 20 % MO CpaBHeHUIO C HeMHbULMPOBaHHONK. Bo3peiicTBue GoToanHamMmMyeckoi Tepanumu cnocob6CTBOBANO
NOJIHOMY 3aXUBJEHMWIO B CPELHEM HA OAMH MecAL, PaHblle, YeM Y KUBOTHbIX KOHTPOJbHbIX Fpymnn.
KnioueBble cnoBa: potoanHammyeckas Tepanus, potoceHcMbunmn3atop, hoToanoabl, UHULMPOBAHHbIE IyYEBbIE A3BbI.
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Photodynamic therapy effect on healing of radiation skin ulcer infected with
Pseudomonas aeruginosa

Objective. To reveal the effect of photodynamic therapy on the healing of experimental radiation skin ulcers infect-
ed with Pseudomonas aeruginosa.
Materials and methods. The infected radionuclide was modeled by local X-ray irradiation of the rat's hip skin at a
dose of 85.0 Gy, followed by the application of Pseudomonas aeruginosa bacterial suspension to the surface of the ulcer.
Photodynamic therapy (CTD) was performed with the help of a photon apparatus «Barva-LED/630» and a photosen-
sitizer of methylene blue. The effect of PDT on the rate and quality of healing of an infected radionuclide was deter-
mined by comparing the histological and morphometric study of skin from the region of ulcer in animals from the
control and treated groups of PDT.
Results and conclusions. The presence of Pseudomonas aeruginosa in the radiation sickness caused an increase in the
area of the wound cavity compared with the non-infected radionuclide and to a significant inhibition of its healing
processes. The addition of the infection factor reduced the activity of the reparative processes in the radiation sick-
ness by 20 % compared with the uninfected. The effect of photodynamic therapy contributed to complete healing
on average one month earlier than in control groups.
Key words: photodynamic therapy, photosensitizer, photodiodes, infected radial ulcers.
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BBEJIEHUE
[TpoGaema ieuyeHus Ty4eBBIX TTOBPEXKICHU TKAaHEH, KO-
TOpBIEC SIBJISIIOTCSI CJIICACTBMEM TEpaIliy 3710Ka4eCTBEH-
HBIX HOBOOOpPa30BaHUi, COXpaHSIET CBOIO aKTyaJIbHOCTb.
B EBporie u3 10 MJIH 4e10BEK C OHKOJIOTUYECKHMMU 3200~
JIEBaHUSIMU JIyU€BYIO Teparuio rmonaydaor 60—70 % 60b-
HbIx [1]. [Tpu npoBeneHUM Ty4eBOIi Tepaly 3J10KauyecT-
BEHHBIX HOBOOOpAa30BaHUII HAMOOJIbIIIEMY BO3AEHCTBUIO
MOABEPraloTCs KoXa U Mmojjiexaniue Tkanu. JlyueBble 13-
BBI KOXHU SIBIISIIOTCSI YAaCTBIMU OCJIOXKHEHUSIMU JIy4eBOI
TepaIuu, JIeueH1e KOTOPBIX IIPOIOKUTEIHLHO U HEBEPO-
STHO 3aTpygHEHO. Y OOJIbHBIX CO 3JI0KaYeCTBEHHBIMU
HOBOOOPA30BaHMUSIMU OTMEYEHO YacToe MHMUIMpOBa-
HUE JIYYEBBIX SI3B KOXM, YTO eIle OOJIbIIe yCyryOJsieT
TIPOLIECCHI 3aKUBIICHUS MTOBPEKACHHBIX TKaHe [2].
W3BecTHO, 4TO MpU JIeYeHUU MHQPULIMPOBAHHBIX TTOB-
peXIeHUI TepBOOYEPETHBIM JICUCOHBIM MEPOIPHUSITHEM
SIBJISICTCS aHTUOAKTepraIbHas Teparvsl. TpaTuiMoHHO ISt
3TOrO HCITONB3YIOT aHTUOMOTHKM, OJHAKO, B HACTOSIIEE
BpeMsI BCe 0OJIbIIIe MAaTOIN€HHBIX MUKPOOPIaHU3MOB CTaHO-
BSITCSI aHTUOMOTUKOPE3UCTEHTHRIMU. [1oaTOMY BHUMaHME
MEIMKOB IIPUBJICKAIOT aJIbTepHATUBHBIC aHTUOAKTepHAIb-
HbIE METOMBI, CPeAr KOTOPBIX HanboJiee MepPCIIEKTUBHBIM
sapiisieTcs: poroguHamuueckas teparnus (OAT). OAT
TpEeNCTaBIsIeT COOOM METOM aKTUBALIMY CIIELIMATLHOTO Be-
1ectna ((poroceHCUOUIMU3ATOPA) CBETOBBIM M3TyYEHUEM C
MOCTCAYIOIIMM Pa3BUTHEM (POTOXMMHUYECKUX PEeaKIInii B
KJIeTKe, MPUBOISIIMX K ee rudenu |3, 4]. B HacTosiiee Bpe-
Mst OJIT mMpoKo UCONB3YeTCs IS JIUEHUsT paH U JUTW -
TEJIBHO HE3aKMBAIOIINX TPOGUUIECKHUX SI3B N0 TUIECKOI
cToIbl |35, 6]. I1pu 3TO0M, HECMOTPS HA JOBOJIBHO LLIMPOKOE
npumeHenne OJIT B KauecTBe aHTMOAKTEPUATBHOIO METO-
Ja TIpY JIeYeHUM MH(PULKMPOBAHHBIX paH U 3B, MbI He
BCTPETWJIM B JIOCTYIIHOM HaM JIMTepaType YIOMUHAHUM 00
HCTOJIb30BAaHMM 3TOTO METONa IpH JeUeHUU MHQUIIIPO-
BAaHHBIX JIYYEBbIX IIOBPEKICHUIN KOXHN 1 MSITKUX TKAHEH.

HIEJb UCCIIEJOBAHUS

BoissButh BiussHre @T Ha 3aKuBJIEHUE DKCIIEPUMEH-
TadbHOW Jy4yeBOM SI3BBI KOXW, WHQUIMPOBAHHON
Pseudomonas aeruginosa.

MATEPUAJI 1 METOAbI UCCIIEAOBAHUA

DKCIepUMEHT TIpoBeleH Ha Kpbicax guHuu WAG, B
Xolle KoToporo ObuUio chopMupoBaHOo 3 rpynrbl: [
KOHTpoJibHad rpynmna (n = 15) — XHUBOTHBIM MOJEIN-
poBaJIu JIy4eBYIO SI3BY KOXXM B obyiactu 6eapa. o3za no-
KanbHoro oojaydyeHus 85,0 Ip. 11 koHTpoabHas rpymma
(n = 15) — XMBOTHBIM MOJEIUPOBATIN JTYYEBYIO SI3BY
KOXHM C mocienylomuM (Ha 7-e¢ mocTpagudallMOHHBIC
CYTKM) HaHeCceHMeM Ha ee TmoBepXHOCTh (,2 M B3BecH

INTRODUCTION

The problem of treatment of tissue radiation
lesions caused by the therapy for malignant neo-
plasmis is still topical. In Europe the share of those
patients, who are given radiation therapy, reaches
60—70 % among 10 million patients with oncolog-
ical diseases [1]. Skin and underlying soft tissue are
subjected the most influence while radiation ther-
apy for malignant neoplasms. Radiation ulcers of
skin are frequent complications of radiation thera-
py, their treatment is continuous and incredibly
aggravated. Frequent infection of radiation skin
ulcers is registered in the patients with malignant
neoplasms, that exacerbates the healing processes
of the injured tissues [2].

It is known that antibacterial therapy is the pri-
mary urgent medical measure at the treatment of
the infected injuries. Traditionally, antibiotics are
used for it, but currently, increasingly more path-
ogenic microorganisms are becoming antibiotic
resistant. Therefore, alternative antibacterial
methods, among which photodynamic therapy
(PDT) is the most perspective, draw attention of
the physicians. PDT is a method activating spe-
cial substance (photosensitizer) by light emission
followed by the development of photochemical
reactions in the cell, causing its death [3, 4].
Currently, PDT is used widely for the treatment
of wounds and long-term non-healing trophic
ulcers in diabetic foot [5, 6]. At the same time,
despite the wide usage of PDT as antibacterial
method for the treatment of infected wounds and
sores, in the available literature we found no
mentions about the usage of this method for the
treatment of infected radiation lesions of skin and
soft tissues.

OBJECTIVE

To reveal PDT effect on the healing of the experi-
mental radiation ulcer of skin infected with
Pseudomonas aeruginosa.

MATERIAL AND METHODS

WAG rats were used for the experiment, in the
course of which 3 groups of the animals were
formed. The control group I (n = 15) included the
animals with simulated radiation skin ulcer in the
thigh region; the local exposure dosage was of 85.0
Gy. In the control group IT (n = 15) the animals were
simulated radiation ulcer of skin followed with sub-
sequent inoculation (post-radiation day 7) of 0.2 mL

203 =&



EKCMNMEPUMEHTAJIbHI

AOCNIAXKEHHA

ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2017. Bun. 22.

Pseudomonas aeruginosa (0,5 MJIH MUKpPOOHBIX Kie-
Tok/cm?). 111 onbiTHas rpynmna (n = 20) — XUBOTHbBIE C
MHUIMPOBaHHOI Pseudomonas aeruginosa JTyd4eBOi
SI3BOi U nocienytomnM BosaeiictBueM DT Ha ee 110-
BEPXHOCTb.

JlygeBoe moBpexXIeHNe KOXHN KpbIC HAHOCWIN B 00-
JIACTM BEpXHEl MOBEPXHOCTHU Oelpa Mpu IIOMOIIM PEHT-
reH-TepareBTrueckoro ammnapata TUR-60. YciaoBust 00-
JydeHus: HampsikeHue 50 kB, aHomgHbiit Tok 10 MA,
¢uasrp 0,6 MM Al, MoLIHOCTB A03bI 33,5 Ip/MuH.

HWHbunmpoBaHue Ty4eBbIX OBPEXKICHUI IIPOBOIIIN
Ha 7-1 AIeHb MOocJe JIOKATLHOTO O0JIydeHUs MPU TTOsIBIIe-
HUM TIEPBBIX NTPU3HAKOB Pa3BUTUS JIydeBOM sI3BBI. JlJIst
VMHGUIMPOBAHMUS HCIIONb30BaIM My3elHBIE pedepeHT-
HbIe ITaMMBbI Pseudomonas aeruginosa ATCC 27853.

BoszneiictBue AT mpoBoauin ¢ MOMOIILI0 (HOTOH-
Horo ammapata «bapBa-LED/630» ¢ mncrnoib3oBaHrEM
(dorocencudbmnmsaropa (0,1 % pacTBopa METUJICHOBOTO
CMHET0). DHepreTuyecKass 3KCITO3UINS 3a CeaHC COC-
taBisiia 45 xx/cM2.

ZKMBOTHBIX BBIBOAWIN U3 3KcniepuMeHTa Ha 14, 21, 30,
37, 52-e cytku nocie obiaydyeHus. [TpoBoauIv TMCTOI0-
ruyeckoe 1 MOp(hOMETPUIECKOe UCCIeIOBaHNE KOXU C
noajiexkaluMy MSITKUMU TKaHSIMU M3 00J1aCTy JTy4eBOit
sI3Bbl. MUKpoOIIpenapaThl, oKpalleHHbIe TeMaTOKCUIIN-
HOM M 203MHOM, M3ydajid Ha MHMKpockKorme «Olympus
BX-41» ¢ mocnenyilomeit o0pabOTKOM IIporpamMMoOit
«Olympus DP-soft version 3.1», ¢ MOMOIIbIO KOTOPOI
MPOBOAWIM U3MEPEHUE TIIOIIAAN BEPTUKAIBHOTO ceve-
HUSI JTy4eBOi1 SI3BBI B MM2, € TTOCJIeAYIOIIelt KOHBepTall-
el mokasaresieit B IporieHTh. CpegHune 3HaYeHUS TTOKa-
3aTesiel cpaBHUBaAIU Tpu nomomu U-kputepust MaH-
Ha-YUTHU.

YcnoBusl comepxXaHus W 00OpallleHUsI ¢ XXUBOTHBIMU
oTBevau TpedoBaHUsIM «EBponeiickoil KOHBEHIIMU O
3alIUTE IMTO3BOHOYHBIX )KUBOTHBIX, KOTOPbIE UCIIOIb3Y-
JOTCS B 3KCIEPUMEHTAJBHBIX M APYTMX HAay4YHBIX 1Ie-
six» [7, 8].

PE3VIJIBTATBI 1 OBCYXKJIEHUE

B I rpynme XuBOTHBIX K 14-M cyTKaM mocjie o0Jyde-
HUS yJyacTKa KOXHu Oelpa KpBIChI ONpeaensacs 00b-
II0I paHeBO# medeKT — JIydeBas s3Ba, KOTOpast JOX0-
J11a 10 IIyOOKMX OTAEJIOB AEPMbl, a MECTaMU U TUIIO-
nepmel (puc. 1).

MWUKpOCKONIMYECKHU $3Ba MMeJIa CIeAyIolllee CTpoe-
HME: IOBEPXHOCTHBIN CIOU — JICUKOLMTAaPHO-HEKPOTH -
YECKUI MpeacTaBieH HEKPOTUYECKU WM3MEHEHHBIMU
(bparmMeHTaMU AMIMAEPMUCA U JEPMBI C HATMIUEM OOJIb-
IIIOTO KOJIMYECTBA MTOTUOIINX JEHKOIUTOB. 3a JIEUKOI1-
TapHO-HEKPOTUYECKHUM CJIOEM OIpPENeIsieTCsl JeMapKa-
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Pseudomonas aeruginosa suspension (0.5 million of
microbial cells/cm?) on its surface. Experimental
group III (n = 20) included the animals with radia-
tion ulcer infected with Pseudomonas aeruginosa and
followed by PDT exposure at its surface.

Radiation lesion of the skin of rats was per-
formed in the upper hip surface area with the aid of
radiotherapy unit TUR-60. Irradiation conditions:
voltage 50 kV, anode current 10 mA, filter 6 mm
Al, dose rate 33.5 Gy/min.

The radiation lesions were infected at the day 7
after local irradiation, at the onset of the first signs
of the radiation ulcer development. Museum ref-
erence strains Pseudomonas aeruginosa ATCC
27853 were used for infection.

PDT was performed with the aid of the «Barva-
LED/630» photon unit with the usage of methyl-
ene blue photosensitizer 0.1 % solution. One
treatment included 45 joule/cm? energy expo-
sure.

The animals were removed from the experiment
at the days 14, 21, 30, 37, 52 after irradiation.
Histological and morphometric examinations of
the skin and underlying soft tissues from the radia-
tion ulcer region were performed. Hematoxylin
and eosin stained micro-preparations were studied
with the «Olympus BX-41» microscope using the
further processing by «Olympus DP-soft version
3.1» software, with the aid of which radiation ulcer
vertical section area was calculated in mm?2, and
then these values were converted to the per cent
shares. Mean values of the parameters were com-
pared with the aid of the Mann-Whitney U test.

The conditions and treatment of the animals
corresponded with the requirements of «European
Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scien-
tific Purposes» |7, 8].

RESULTS AND DISCUSSION

In the animal group I by the day 14 after irradia-
tion of the rat thigh skin area, a big wound defect
was determined — radiation ulcer, which reached
deep dermal, and in places, even hypodermal
parts (Fig. 1).

Microscopically the ulcer was of the following
structure — superficial layer — leukocytic and
necrotic, which was presented with necrotized
changed fragments of epidermis and derma with
numerous dead leukocytes. After the leukocytic
necrotic layer, a demarcation leukocytic wall was
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PucyHoK 1. flsa, pgoxopsAwas Ao rny6oKux oTAenoB paepmbl. JIeMKOUUTAPHO-HEKPOTUYECKU CnoMn ¢
NPUNEXalmm aeMapKaLMoOHHbIM NeiKoLMTapHbIM BanoM. OKpacKa reMaToOKCMAMH-303MHOM, X 200.

Figure 1. Ulcer reaching deep dermal layers. Leukocytic necrotic layer with adjacent demarcation leukocyt-

ic wall. Hematoxylin and eosin staining, x 200.

LMOHHBIMA JEUKOLMTAPHBINA Bajl, OTACISIONINIA HEKPO-
TU3UPOBAaHHbIE TKAHU OT 3[0OPOBBIX.

[lnomanas BepTUKAIBHOTO CEYeHWsI paHEBOM TMOJIOCTH
B 9TOT cpok (l4-e cyTku) Obl1a MaKCHUMaJbHOI:
(1405,67 + 87,42) mm2 — 100 %. ITo Mepe CITOHTAHHOTO
BOCCTaHOBJIEHMSI OOIIIETO0 U MECTHOTO romeocTasa 10 21-x
MOCTPaJAMAllMOHHBIX CYTOK OTMeuajach TeHIEHIUs K
yYMeHbIIIeHUIo Ha 8 % paHeBoro fedekTa HeMHPUIIUPOo-
BaHHOM Jy4eBO SI3BHI (pucC. 2).

B otnaneHHble CpoKH, BIUIOTH 10 KOHIIA HAOTIONEHUS
(52-e cyTKM) OTMeYaJIoch 00Jiee aKTUBHOE 3aXKUBJICHUE
JIy9eBO SI3BBI C TIOCTETIEHHBIM COKpPAIlEeHUEM TLIOIIAIN
BepTUKaJIbHOTrO ceueHust 10 73 % Ha 30-e cytku u 51 %
K 52-M cyTKaMm 10 CPaBHEHMIO C UCXOAHOI BETMUMHOM.

seen, which divided necrotized and healthy tis-
sues.

Vertical section area of the wound cavity within
this time (day 14) was maximal: (1405.67 + 87.42)
mm? — 100 %. As far as spontaneous recovery of
general and local homeostasis was occurring, till
the post-radiation day 21, it was registered a ten-
dency to an 8 % reduction of the wound defect of
the non-infected radiation ulcer (Fig. 2).

In long-term observation, up to the endpoint of
it (day 52), the more active healing of the radiation
ulcer was seen with gradually reduced vertical sec-
tion area up to 73% at the day 30 and 51 % by the
day 52 compared to the base value.

120

CyTtku / days

_ HeuHduumpoBaHHas nyyesas s3Ba
Non-infected radiation ulcer

NHduunposaHHas nyyesas a3sa
I Infected radiation ulcer

NHbuumposaHHas nyyeBas a3sa nocne OT[] neveHus
Infected radiation ulcer after PTD treatment

PMCYHOK 2. Cpen,l-me 3Ha4YeHuAa nnaowaan BepTUKaJIbHOro ce4yeHusa paHEBOﬁ noBepxHOCTU B Uccnegyembix

rpynnax B aAuHamuke (%).

Figure 2. Mean values of the vertical section area of the wound surface in the examined groups in

dynamics (%).
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Bo II rpymnmne >XHUBOTHBIX MOce UH(PULIMPOBAHMS JTyde-
BOI 513BbI Pseudomonas aeruginosa mioiaas paHEeBOTO Jie-
¢ekTa, B oTIMUME OT HEMH(MUIINPOBAHHON SI3BBI, HE M3-
MEHSIJIach B MIepBbIe 3 ITOCTpaaallMOHHbIE Heae I — ¢ 14-
x 1o 21-e cytku — 100—99 %. B nocnenytomme 21—52-¢
CYTKM IUIOIIAAbh BEPTUKAIBHOIO CEYCHMS B CpPEIHEM
yMeHbInanach Ha 10 % OTHOCUTEIIBHO MPEAbIAYILErO CPo-
Ka, YTO JOCTOBEPHO OTJIMYAJIOCh OT ITOKa3aTeseil HeuH-
¢uuMpoBaHHBIX 3B ToYTH B 1,5—2,0 pa3a. K KoHI1y Ha0-
monaeHus (52-¢ CYTKH) IUIONIAAb BEPTUKAIBHOTO CEUCHMUST
B MH(PUIIMPOBAHHBIX JIYIEeBBIX sI3BaX yMeHbIIazach Ha 30
% OTHOCUTEJILHO MCXOAHOM BEJMYMHBI, B TO BPeMs Kak
TUIOIIAAb BEPTUKATIBLHOIO CEYeHUsI HEMH(MUIIMPOBAHHBIX
SI3B Ha 52-e CyTKu cHKanach Ha 50 %.

B III rpymnre moaonbITHBIX XXMBOTHBIX IOCJE BO3IEi-
ctBust OJIT Ha MHPULIMPOBAHHYIO JIYYEBYIO S13BY HAOJIIO-
JaJI0Ch aKTUBHOE YMEHBIIIEHUE €€ TUIOIIAI BEPTUKATIb-
HOTO ceueHMsI. B ommmume oT rmepBBIX ABYX KOHTPOJIbHBIX
TPYIII, KOrJa IJIOIIaab Ty9eBOM SI3BbI B HAYaIbHbIE CPOKH
He U3MeHsJIach, OcTaBasich Ha ncxogHoM ypoBHe (100 %),
B neueHHoii DT rpymire Ha KaxKablii MOCIEAYIOLINIA
CPOK OHa yMeHbIajach B cpeaHeM Ha 30 % (Puc. 2). Bro
MOpOSIBJISLIOCH 00Jiee ObICTPbIM KYITMPOBAHMEM THOMHOIO
npoliecca, MPeaylpexIeHUeM ero paclpoCcTpaHEHUsI B
OoJtee TIIyOOKHMEe OTIENbI IEPMbI U 00Jiee paHHUM OYUIIIE-
HUEM OT THOMHO-HEKPOTUIECKOTO ACTPUTA.

K xonny nabmonenus (52-e CyTKM) TIOIAIb BEPTH-
KaJIbHOTO CeYeHHUsI B MH(MULMPOBAHHBIX JIyUEBbIX sSI3BaX
yMeHbInaizach Ha 30 % OTHOCHUTEIBHO MCXOMHOM BEJIM-
YUHBI, B HEeMH(PULIMPOBAHHBIX JTy4eBBIX s13Bax Ha 50 %, a

In the animal group II after radiaton ulcer infec-
tion with Pseudomonas aeruginosa the area of the
wound defect, in contrast to non-infected ulcer, was
not changed in the first 3 post-radiation weeks —
from the day 14 to the day 21 — 100—99 % . In the
following days 21—52, the area of the vertical sec-
tion was in average 10 % reduced related to the pre-
vious period that demonstrated almost 1.5—2.0-fold
reliable difference from the values of non-infected
wounds. By the end of the observation (day 52) the
area of the vertical section in the infected radiation
ulcers was 30% reduced related to the base value,
whereas the area of vertical section of non-infected
ulcers was 50% reduced at the day 52.

In the animal group III, after PDT treatment
of the infected radiation ulcer, we observed
active reduction of its vertical section area. In
contrast to the first two control groups, when the
area of the radiation ulcer was not changed at
primary period, remaining at the base level (100
%), in the PDT treated group each next time
interval it was in average 30 % decreased. It was
manifested by quicker reduction of septic
process, prevention of its spread in deeper part
of derma, and earlier debridement of septic
necrotic detritus.

By the end of the observation (day 52-nd) the ver-
tical section area in the infected radiation ulcers was
30 % shrunk relative to the base value, non-infected
radiation ulcers showed 50 % reduction, and in the

PVICYHOK 3. 52-e CYTKHU. PaHeBasA NonocTb 3anojiHeHa COeANHUTENIbHOTKAHHBIMU BOJIOKHAMMU. OKpacxa NUK-

pocdykcuHOM no BaH Mu3oHy, x 200.

Figure 3. Day 52™. The wound cavity is filled with connective tissue fibers. Picrofucsin staining by Van-Gizon

technique, x 200.
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B siedeHHbIXx PJIT rpynmnax s3BeHHas1 MOJOCTh BOOOIIE
OTCYTCTBOBaJIa BBU/Y MOJTHOTO 3aXKUBJICHUS Ty4eBOM 13-
Bbl. Ha MecTe si3BeHHOTO eekTa ornpenessiach Coenu-
HUTEJIbHAs TKaHb, TOBEPXHOCTb KOTOPOIi ObLIa MOKPHITA
BMUAECPMUCOM C YETKUM pazfejeHrueM Ha cjiou (puc. 3).
B uienom, ymeHbllleHUE TUIOIIAAM BEPTUKAIBHOTO Ce-
YEHUSI JIy4eBOM SI3BbI Y XKMBOTHBIX KOHTPOJIBHBIX TPYTIT
10 Mepe MOCTPaJAMAIIMOHHOTO BOCCTAaHOBJIEHUST (DYHK-
1IMY OpraHM3Ma CBUIETEIbCTBOBAIO O COXPAHEHUH Pa3-
BUTHS perapaliMoOHHbIX MPOIIECCOB B JTyYeBOU S13Be.

BBIBO/IbI

1. Hanuune Pseudomonas aeruginosa B Ny4eBOW $13Be
MPUBOIUT K YBEJIMYECHUIO TLIONIAAM PAHEBOU MOJOCTU
10 CPaBHEHUIO ¢ HEMH(MULIMPOBAHHOM JTydeBOM SI3BOI 1
K CYILIECTBEHHOMY TOPMOXEHUIO IIPOLIECCOB €€ 3aKUB-
JIEHUSI.

2. IlpucoeauHenue pakTopa UHGULIMPOBAHUS CHUXATIO
AKTUBHOCTh perlapaTUBHBIX IIPOILIECCOB B JIyYEBOIl SI3BE
Ha 20 % 110 cpaBHEHUIO ¢ HEMH(MUIIUPOBAHHOIA.

3. BozzelicTBue (poTOAMHAMUYECKON T€pamMU CIIOCO0-
CTBOBAJIO IIOJTHOMY 3aXKMBJICHHIO B CpeIHEM Ha OIUH
MECSII paHbIlle, YeM B KOHTPOJIbHBIX IPyIIIax.

CMUCOK UCNOJ/Ib30OBAHHOMN NTIUTEPATYPbI

1. OBumHHmKoB B. A., Yrnauuua K. H., Bonkos B. H. CoBpeMeHHble MeTo-
bl NIY4EBOT0 JIEYEHNSt OHKONOrMYeckux 6onbHbIX. XypHan FprMY. 2010. Ne
1. C. 93-97.

2. Omutpuesa H. B., Metyxoea W. H., CmonsiHckas A. 3. VHdeKUMoHHbIe
OCJIOXHEHWSI B OHKONOrMYECKOi kiuHuke. MNpaktuyeckast onkonorus. 2001.
Ne 1 (5). C. 18-20.

3. YapeHckuin A. b. KnetouHo-MonekynsipHble MexaHuambl GOTOAMHAMM-
yeckon Tepanuu. M. : Hayka, 2010. 321 c.

4. Jori G., Fabris C., Soncin M., Ferro S., Coppellotti O., Dei D., Fantetti L.,
Chiti G., Roncucci G. Photodynamic therapy in the treatment of microbial
infections: basic principles and perspective applications. Lasers Surg. Med.
2006. Vol. 38. P. 468-481.

5. Chandrasekaran B., Chettri R., Agrawal N., Sathyamoorthy C. Short-
term multimodal phototherapy approach in a diabetic ulcer patient.
Singapore. Med. J. 2012. Vol. 53, Ne 6. P. 122-124.

6. CtpaHagko E. ®. dotoamHammuyeckasi Tepanusi FHOHO-BOCTANUTENbHBIX
3ab0neBaHuii Markux TkaHeii. Motobionoris Ta potomeamumna. 2011. Ne
2. C. 14-19.

7. European convention for the protection of vertebrate animals used for
experimental and other scientific purposes. Council of Europe. -
Strasbourg, 1986. - 53 p.

8. Pesikos O. I'., Conositos A. I., Jobpens H. B., Ctedatos O. B. bioe-
TMYHA eKcrepTu3a AOKMIHIYHMX Ta iHLIMX HAYKOBMX JOCNIMXeHb, WO BUKO-
HYIOTbCS HA TBApUHAX: METOA. pekomeHaauii. BicHuk dapmakonorii Ta dap-
makonei. 2006. Ne 7. C. 47-60.

PDT treated groups the ulcer cavity was absent at all
due to the complete healing of the radiation ulcer. On
the spot of the ulcer defect the connective tissue was
identified with surface covered with epidermis, where
distinct differentiation into layers was seen (Fig. 3).

In general, the decrease of vertical cross-section
area of radiation ulcer in control animals with
post-radiation recovery of the body function gave
evidence that the reparative processes develop-
ment in the radiation ulcer were preserved.

CONCLUSIONS

1. Presence of Pseudomonas aeruginosa in radia-
tion ulcer causes increase of the wound cavity area
compared to non-infected radiation ulcer, and sig-
nificant inhibition of the processes of its healing.
2. Additional factor of infection caused 20 per cent
decreased activity of the reparative processes in the
radiation ulcer compared to the values of the non-
infected sore.

3. Influence of photodynamic therapy favored
complete healing in average one month earlier
than it occurred in control groups.
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