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BILIMB ®OTOJAUHAMIYHOI TEPAIIII TA 3BATAYEHOI
TPOMBOLIUTAMMU IVIASMU HA ITPOLECHU 3AI'OE€HHA
ITPOMEHEBUX BUPA3OK HIKIPU, IHOIKOBAHUNX
STAPHYLOCOCCUS AUREUS

MeTa: BM3HAaYeHHA B eKCNepUMEHTI AIKOCTI 3ar0EHHA MPOMEHEBUX BUPA30K WKipy, iHhikoBaHux Staphylococcus aureus
(S. aureus), B ymoBax npoBeAeHHs GoToanHamiyHoi Tepanii (PAT) Ta BUKOpUCTAHHA 36arayeHoi TpomboLUTamMu nias-
mu (platelet rich plasma — PRP).
Marepianu i metoau. MpoBeaeHo ekcnepuMeHT Ha 95 wypax-camusx niHii WAG 6-micsauyHoro BiKy, skux 6yno pos-
noAineHo Ha Tpu rpynu. [lo rpynu 1 yBiiwnn TBApUHK, AKUM MOLENIOBANN NPOMEHEBY BUPA3KY WKipKU B JinAHLi cTer-
Ha 3 HACTYNMHUM HAaHECEHHAM Ha i NOBEPXHIO Ha 7-My J00OY Micns onpoMiHeHHs 0,2 MA cycneHsii pedepeHTHOro Wra-
My S. aureus. [lo rpynu 2 yBiiiwnn TBapuHu 3 iHdikoBaHoO S. aureus NpOMEHeBOI0 BUPA3KOIO WKipK, AKUM yepe3 foby
nicna iHdikyaHHsa nposogunu OAT. lo rpynu 3 yBiliwnn TBapuMHM 3 iHIKOBAHOIO S. aureus NPOMEHeBOI0 BUPA3KOKO
WKipw, AKMM Yepe3 Boby nicns iHdiKyBaHHA B nepwiit nonosuHi gHa nposogunn O[T, a B Apyriii NoNOBUHI AHA 06KO-
noBanu nepudepito pasn PRP. Matepianom gns MopdonoriyHoro gocnigxeHHs 6yna wkipa 3 nignermnumu M'skumu
TKAaHWHAMW 3 JiNAHKM NPOMEHeBOro YWKOMKEeHHA. Mikponpenapatu 3abapsnioBany reMatoKCUAiHOM i €03UHOM,
nikpodykcuHom 3a BaH li30HoM, 3a Mannopi. [poBoannu MOphoMETpUYHE JOCNIIKEHHS.
Pe3ynbtatu. Y TBapuH 3 NPOMEHEBOIO BUPA3KOIO WKipK, AKUM nicns iHdikyBaHHA S. aureus nposogunu ®AT (rpyna 2),
NOPiBHAHO 3 TBAPMHAMU 3 MOAENbOBAHOI0 iH(IKOBAHOK NPOMEHEBOIO BUPA3KOH WKipy 6e3 nikyBaHHA (rpyna 1), 3a
nepiog 3 14-i no 52-my fo6y ekcnepuMeHTy BifOyBannca aKTUBi3aLisn i NPUCKOPEHHA NPOLLECiB 3ar0€HHA 3a PaxyHOK
aKTUBHMX NPOLLECIB OYMILEHHSA PaHW Bifi HEKPOTU30BAHNX TKAHWUH; MEHL BUPAXEHUX 3anasbHUX 3MiH B OCEpefKy yLu-
KOXKEHHA; aKTUBHWUX MPOLLECiB MOsABM i [O3PiBAHHA TPAHYAALIAHOT TKAHUHU; MEHW BUPAXEHUX TeMOAMHAMIYHMX,
illeMiYHMX Ta anbTepaTMBHMX 3MiH Y AepMi, rinogepmi, M'a30Bill TKAHMHI, WO OTOYYBAAM PAHOBY MOPOKHUHY; aK-
TWUBi3auii nponidepaTMBHMX NPOLECiB B eniTeniabHOMY LWapi, Wo NOKaNi3yBaBCs B KpaoBuUX Bigginax paHu. Pesynb-
TaTOM 3aro€HHs iHikoBaHOT S. aureus npoMeHeBOT BUpPa3KH WKipyu Byno popmyBaHHA natonoriyHoro (rineptpodivHo-
ro abo KenoigHoro) pybus wkipu. Y TBapuH 3 NPOMEHEBO BMUPA3KOK LWKipK, iHGikoBaHol S. aureus, y pasi npose-
peHHs LT Ta BBegeHHs PRP (rpyna 3), nopiBHsAHO i3 3acTocyBaHHAM Tinbku ®LT (rpyna 2), pereHepatopHuil npoLec
OyB CNPAMOBAHMIA He TiIbKM Ha NPUCKOPEHHSA TEMMNiB 3arOEHHS, ane i Ha BiAHOBNEHHA NepBiCHOT CTPYKTYpyW BTpaye-
HOT YacTWHM WKipy. MpUCKOpPEHHA NpoLeciB 3aroeHHs iHiKOBaHOT NPOMEHeBOT BUPA3KM WKipu y TBApUH rpyn 2 Ta 3
BiAOYBanOCsA 3a paxyHoK nofibHMx npouecis.
BucHoBKku. PoTogMHaMiyHa Tepanis aKTUBI3Ye i NPUCKOPIOE NPOLLeCH 3aroeHHA iH(hiKOBaHOT S. aureus npoMeHeBoT BU-
pa3Ku WKipu Ta Npu3BOANTbL A0 hopMyBaHHA natonoriyHoro pybus (rineptpodiyHoro abo kenoigHoro). Mpouecu 3a-
rO€EHHs iH(iKOBaHOT S. aureus npoMeHeBOT BUPa3KM WKipu Bia6YBaloTbCs 6iNbl aKTUBHO B yMOBAX NPOBEAEHH:A (HOTO-
AWMHaMiYHOT Tepanii B NoefHaHHi 3 00KONOBaHHAM nepudepii paHu 36arayeHot0 TPOMOOLMTAMK NNA3MOt0, MOPIBHAHO
i3 3aCTOCYBaHHAM TibKKM PoTOAMHAMIYHOT Tepanii, Ta 3aBeplYOTLCA OPraHOTUMNOBOK pereHepaLield 3 NpPakTUYHO
NOBHWUM BiHOBNIEHHAM NePBiCHOT CTPYKTYPU BTPAYEHOT YaCTUHM WKipU.
Kniouosi cnoBa: hoTognHamiyHa Tepanis, 36arayeHa TpomboLMTaMK Nna3ma, NpOMEHeBa BUpaska Wkipu, Staphylococ-
cus aureus, mopdororis.
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THE EFFECT OF PHOTODYNAMIC THERAPY AND PLATELET-
ENRICHED PLASMA ON THE HEALING OF SKIN RADIATION
ULCERS INFECTED BY STAPHYLOCOCCUS AUREUS

Objective. To determine in experiment the quality of healing of skin radiation ulcers infected with Staphylococcus
aureus (S. aureus) under the photodynamic therapy (PDT) administration and the use of platelet-rich plasma (PRP).
Materials and methods. The experiment was performed on 95 male WAG rats of 6 months of age, which were divid-
ed into three groups. Group 1 included animals in whom a skin radiation ulcers in the thigh area was simulated, fol-
lowed by application of a 0.2 ml suspension of reference strain of S. aureus to its surface on the 7* day after irradi-
ation. Group 2 included animals with S. aureus-infected skin radiation ulcers, in whom the PET was administered a
day after infection contamination. Group 3 included animals with S. aureus-infected skin radiation ulcers, in whom
the PDT was administered a day after infection in the morning, and the PRP was manifold injected in periwound area
in the afternoon. The skin with underlying soft tissues from the area of radiation damage were the material for mor-
phological examination. The hematoxylin and eosin, picrofuxin according to van Gizon, Mallory staining were
applied to micropreparations. A morphometric study was conducted.
Results. In animals with skin radiation ulcers, in whom the PDT was administered upon infection with S. aureus
(group 2), compared with animals with simulated infected skin radiation ulcers without treatment (group 1), The
activation (i.e. accelerating) of the healing occurred for the period from the 14" to the 52™ day of experiment due
to the active processes of wound cleansing from necrotized tissues, less pronounced inflammatory changes in the
lesion, and active of appearance and maturation of granulation tissue, less pronounced hemodynamic, ischemic and
alternative disorders in the dermis, hypodermis, muscle tissue surrounding the wound cavity, activation of prolifer-
ative processes in epithelial layer localized in the marginal parts of the wound. Formation of pathological (hyper-
trophic or keloid) scar of the skin was the result of healing of skin radiation ulcer infected with S. aureus. In animals
with radiation ulcers infected with S. aureus, in the case of PDT and PRP (group 3) the regenerative process was
directed not only at accelerating the rate of healing, but also on restoration of original structure of the lost parts of
the skin compared with only PDT administration (group 2). Acceleration of the healing of the infected skin radia-
tion ulcer in animals of groups 2 and 3 was due to similar processes.
Conclusions. Photodynamic therapy activates and accelerates the healing process of skin radiation ulcers infected
with S. aureus and leads to formation of a pathological scar (hypertrophic or keloid). Healing of the infected S. aureus
radiation ulcers occurs more actively upon the photodynamic therapy administration in combination with multiple
periwound injections of the platelet-enriched plasma, compared with only photodynamic therapy administration,
and finishes with an organotypic regeneration and almost complete skin recovery.
Key words: photodynamic therapy, platelet-rich plasma, radiation skin ulcer, Staphylococcus aureus, morphology.
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BCTYII INTRODUCTION

3nosxicHi myxauHu B XXI cTonitti € mpoBigHowo npuuu-  Cancer is the leading cause of death and the single
HOIO CMEPTi Ta €EAMHUM HalBaxJuBilIMM Oap’epoM Ha  most important barrier to increasing life ex-
NUIIXYy 10 30iJBIIEHHS TPWBAJIOCTI XUTTI B KOXHI  pectancy in every country worldwide in the 21%
KpaiHi cBity [1]. century [1].

ITIpomeHeBa Teparisi — OAWH i3 METOMIB JiKyBaHHS Radiation therapy is one of the methods of treat-
XBOPUX 3i 3J0SIKICHUMU MyXJIMHAMU Pi3HOI JoKafdizalii, ment of patients with cancer of different localiza-
KU Tiepembavae 3acTOCYBaHHS iOHiI3ylouoro BWIT- tion, which involves the use of ionizing radiation [2].
pomiHtoBaHHS [2]. Y cBiTi, 3rigHo 3 nanuMu MixHapon-  According to the International Atomic Energy
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HOI areHllii 3 aTOMHOI eHeprii, HapaXOBYETbCSI TOHA/
7600 weHTpiB mpoMeHeBoi Tepamii [3]. BukopucranHs
Cy4yaCHMX BUCOKOE(EKTUBHUX CXeM MPOMEHEBOI Tepartii
MOK€ CYIIPOBOIXKYBAaTUCS PO3BUTKOM ITPOMEHEBUX 3MiH
SIK B OpraHi3Mi B IIiJIOMY, TaK i B 3IOPOBUX OpraHax i TKa-
HUHAX, 1110 HEMUHYYe NOTPaILISIIOTh 10 30HU MPOMEHE-
BOTO BIINBY [4]. TSKKICTb OYIb-IKUX TPOMEHEBHX YIII-
KOJ>K€Hb 30iTbIIYETHCS 3 MiABUILIEHHSIM 03U i0Hi3yI0-
YOro BUITPOMiHIOBaHHS [5].

ITpu npoBeaeHHI MPOMEHEBOI Teparlii 3M0SIKICHUX TyX-
JIMH HaROIIbIIOro BIUIMBY 3a3Ha€ LIKipa 3 MigIerJauMu
TKaHuHamu [4]. Cepen mpoMeHEeBUX YIIKOIKEHbD IIKIpH 3
HigJerIuMU M’ IKUMHW TKAaHMHAMU YaCTUMM € IIPOMEHEBI
BUpPa3KHU, $IKi, SIK IpaBUIO, O0JIIOYi, HEPIAKO iH(PIKYIOTh-
sl Ta IHKOJIM CXWJIbHI 0 3JIOSIKICHOT'O IepepoIKeHHsI [6].

IToxa3zaHo e(eKTUBHICTh 3acTOCyBaHHS (POTOAMHA-
miuHoi Tepamii (PAT) sk 3acoly, 10 CTUMYJIIOE 3a-
TOEHHS paH LIKipy pizHOro reHesy [7]. BogHouac Jiky-
BaHHS IIPOMEHEBUX BUPA30K IUKipU — TpUBAIUU i
CKJIaIHUI Mpoliec, 10 IMOTPedye MiKIMCLUMUILIIHAPHOTO
nigxomy. 3 METOIO TMOIIYKY MaTOT€eHeTUYHO-00yMOBIIE-
HUX e(PeKTUBHUX JiKyBaJbHUX 3aXOAiB JAHOI MAaTOJOTil
YOPOAOBX 0ararb0X pOKiB aBTOpaMU IIPOBOISITHCS
JNOCJIIKeHHST 3 BU3HAUYEHHSI MAaTOr€HEeTUYHUX, MiKpo-
OioJioriyHuX, MOp(hOPYHKIIOHATILHUX OCOOJIUBOCTEM
NpPOMEHEeBUX BMpPaA30K IIKipu [8], BU3HAUEHO AKTMBi-
3allil0 perapaTUBHUX TPOILECiB Y iH(PIKOBAHUX TTPOMe-
HeBUX BUpa3kax mkipu mia srumsoM OIAT [9].

ITomyk eheKTUBHUX METO/IB JiKyBaHHS TPOMEHEBUX
BUPA30K IIKIipU 3aJIMILIAETHCS aKTyaJbHUM IMUTAHHSIM
chorofieHHs1. JIikyBaHHSI MPOMEHEeBUX BUPA30K Iepe-
0avae He TiJIbKM MPUCKOPEHHS TEMIIiB iX 3aTOEHHS, ajie
1 TOBHOLIHHE BiAHOBJEHHS MEPBICHOI CTPYKTYpPU BTpa-
YeHOI YaCTUHM 1IKipu. Binomo, 110 penapaTuBHa pere-
Hepallist Moxe OyTu MOBHOIO i HernmoBHOo. [ToBHA pere-
Hepallisi, 800 pecTUTYLis, XapaKTepU3y€EThCS 3aTIOBHEH-
HSIM Je(eKTy TKAaHUHOIO, iIEHTUYHOIO 3aru0JTiid, TOi K
OpM HEMNOBHil pereHepauii (cyocTutylii) aedekrt
3aMIILYEThCSI CIIOJIYYHOIO TKAHMHOIO, TOOTO pyOLEeM.
IneanbHa IKiCTh 3arO€EHHST BUPA30K IOCSITAETHCS came 3a
paxyHok pectutyiii [10].

META

MeToro gociimkKeHHST € BU3HAYEHHS B €KCIIEPUMEHTI
SIKOCTi 3aroeHHs iHdikoBaHux Staphylococcus aureus
MPOMEHEBUX BUPA30K IIKipM B YMOBaX IPOBEICHHS
®/T ta BukopucranHsi PRP.

MATEPIAJIA 1 METOAN
ExcnepuMeHTaabHe AOCTIIXKEHHS MpoBeacHO Ha 95
mypax-caMisx JiHii WAG ecTuMicIYHOTO BiKYy poO3-
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Agency, there are more than 7,600 radiation ther-
apy centers in the world [3]. The use of modern
highly effective schemes of radiation therapy can
be followed by the development of radiation
changes in the body as a whole and in healthy
organs and tissues, which inevitably fall into the
zone of radiation exposure [4]. The severity of any
radiation damage is exacerbated with ionizing
radiation dose increase [5].

The skin with the underlying tissues is most
affected during the radiation therapy of malignant
tumors [4]. Radiation ulcers are among the radia-
tion injuries of skin with underlying soft tissues,
which are usually painful, often infected, and
sometimes prone to malignant transformation [6].

The effectiveness of photodynamic therapy
(PDT) as a remedy of stimulating the healing of
skin wounds of various origins has been shown [7].
At the same time, the treatment of skin radiation
ulcers is a long and complex process requiring an
interdisciplinary approach. In order to find a patho-
genetically determined effective treatment for this
lesions, the authors for many years have conducted
the research to determine the pathogenetic, micro-
biological, and morphofunctional features of radia-
tion skin ulcers [8]. The activation of reparative
processes in the infected radiation skin ulcers under
the influence of PDT was revealed [9].

The search for effective treatments for the skin
radiation ulcers remains a topical issue today.
Treatment of radiation ulcers involves not only
accelerating the rate of their healing, but also the
full restoration of the original structure of the lost
part of skin. It is known that reparative regenera-
tion can be complete or incomplete. Complete
regeneration, or restitution, is characterized by
filling the defect with tissue identical to the dead
one, while in case of incomplete regeneration (sub-
stitution) the defect is replaced by the connective
tissue, i.e. scar. The ideal quality of ulcer healing is
achieved through the restitution [10].

OBJECTIVE

The objective of the study was to determine the
quality of healing the skin radiation ulcers infected
with S. aureus under the PDT administration and
PRP use in experiment.

MATERIALS AND METHODS
The experimental study was performed on 95 male
rats of the WAG line 6 months of age from the viva-
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BeAeHHs BiBapito JAY «HCTUTYT MeIM4YHOI paaiosiorii Ta
onkoJorii im. C.I1. Ipurop’esa HAMH VYkpainu». Ymo-
BU YTPUMAaHHS Ta ITIOBOJIXKEHHSI 3 TBApUHAMM BilmoBiga-
M BUMoOraM «EBpomneiichbKoi KOHBEHIIil Mpo 3axucT
XpeOeTHUX TBapHH, SIKi BUKOPUCTOBYIOThCSI B €KCIIEPH -
MEHTaJbHUX Ta iHIIMX HayKoBUX UiIsax» (CtpacOypr,
1986).

TeapuH Oys0 posmnonijieHo Ha Tpu rpynu. o rpynu 1
YBIMIIUIO 25 TBApUH, SKUM MOJETIOBAIU IIPOMEHEBY BU-
pa3Ky WIKipy B AiJISIHLI CTerHa 3 HACTYITHMM HaHECEH-
HSIM Ha il MOBEPXHIO Ha 7-My J00y Mmicjisi ONpOMiHEHHS
0,2 mn cycriensii pedpepentHoro mramy (Staphylococcus
aureus) S. aureus (ATCC 25923) (0,5 MaIH MiKpoOHUX
KiIiTuH/cM?). 1o Tpynu 2 yBiiiLo 25 TBapuH 3 iH(DiKO-
BaHOIO S. aureus IPOMEHEBOIO BUPA3KOIO IIKipH, SIKUM
yepe3 no0y micasa iHdikyBanHs npoBoauan OAT. o
rpynu 3 yBiiinio 45 TBapuH 3 iH(iKOBaHOIO S. aureus
MIPOMEHEBOIO BUPA3KOIO IIKipH, SIKUM Yepe3 00y ITicIIst
iH(}iKyBaHHS B TIepiiii mooBrHi gHS mpoBoa OJIT,
a B IpyTili TTOJIOBMHI JHSI 00KOJIIOBAIM Nepudepito paHo-
BOro nedekTy 30aradyeHolo TpoMOOIUTaMU ILJIa3MOI0
(platelet rich plasma — PRP).

MopenmroBaHHS IIPOMEHEBOI BUPA3KH B AiJISTHII BEPXHBOI
MOBEPXHi cTerHa 1rypiB rpyn 1—3 mpoBoaWIN 3a JOTIOMO-
rol0 peHTreH-TepareBTuHoro amapaty TUR-60. YMoBu
orpoMiHeHHs: Harnpyra — 50 kB, aHogHuii ctpym — 10 MA,
insrp — 0,6 MM Al, moTyxHicTh 103U — 33,5 Ip/xB.

Y rpynax 2 i 3 AT npoBoIuIM 3a TOMOMOIow (o-
ToHHOrO anapaty «bapsa-LED/630» 3 BUKOpHUCTaHHSIM
dorocencubinizatopa 0,1 % po3ynMHY METUIEHOBOIO
cUMHbOrO. EHepreTMyHa eKcrnos3ullisl 3a ceaHC CTaHOBMJIA
45 Ix/cm®. Kype aikyBannsa @JT ckinamascs 3 IBOX ce-
aHCiB 3 iHTepBajoM 3 1obu [7].

VY rpyni 3 orpumanHg PRP Gyno npoBeneHo 3a MeTo-
nukoto R. Dhurat Ta crriBaBsT. [11].

TBapunu rpym 1 i 2 Oyau BUBEIEHi 3 eKCIIEPUMEHTY Ha
14, 21, 30, 37, 52-ry no0y (1o 5 urypiB Ha KOXXHUM eKC-
nepuMeHTaqbHUIA TepMiH). TBapuHU rpynu 3 Oyau BU-
BeleHi 3 ekcniepuMeHty Ha 10, 13, 16, 19, 22, 25, 28, 31,
45-ty o0y (1o 5 11ypiB Ha KOXHUI eKCIepUMeHTaIb-
HUU TepMiH).

MartepiajioMm 1151 MOP(OIOTiYHOIO NOCTiIKEHHS OyJa
IIKipa 3 MUIeTIMMHI M’ IKUMU TKaHWHAMM 3 TiIJISTHKA TIPO-
MEHEBOIo YIIKOMXKeHHs1. Matepian ¢ikcysanu B 10 %
po34nrHi hopmatiny. YiliJibHEHHS TKaHUH, (hiKCOBaHUX
y dopMaiHi, gocsraaocsl MpPoBeJIeHHSIM Uyepe3 CIIMPTU
3pocraroyoi KoHueHTpauii, pinnHy Hikidoposa (96 %
CITUPT i JieTHJIoBUIA eip y cniiBBigHOLIEeHH 1:1), XxJ10pO-
¢dopM i 3anrBaHHAM Yy TapadiH. 3 6J10KiB O0yJI0 BUTOTOB-
JIEHO cepiiiHi 3pi3u 3aBTOBIIKK 4—5 - 10 M 11 3a0apB-
JICHHSI TEMaTOKCIJTIHOM 1 €03MHOM, TTIKPO(PYKCUHOM 3a

rium of the State Institution «Institute of Medical
Radiology and Oncology named after S.P. Grigoriev
NAMS of Ukraine». The conditions of keeping and
handling of animals corresponded the requirements
of the «European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other Scientific Purposes» (Strasbourg, 1986).

The animals were divided into three groups.
Group 1 included 25 animals, in whom the a radi-
ation skin ulcer was simulated in the thigh area,
followed by application to its surface of 0.2 ml sus-
pension of the reference strain S. aureus (ATCC
25923) (0.5 million microbial cells/cm?) on day 7
after irradiation. Group 2 included 25 animals
with S. aureus-infected radiation skin ulcers, in
whom the PDT was administered a day after infec-
tion contamination. Group 3 included 45 animals
with S. aureus-infected radiation skin ulcers, in
whom the PDT was administered a day after infec-
tion in the morning, and the platelet rich plasma
(PRP) was manifold injected in periwound area in
the afternoon.

Modeling of radiation ulcer in the upper thigh
surface in rats of groups 1—3 was performed using
an X-ray therapy device TUR-60. Irradiation con-
ditions: voltage — 50 kV, anode current — 10 mA,
filter — 0.6 mm Al, dose rate — 33.5 Gy/min.

In groups 2 and 3 the PDT was performed at a
photon apparatus «Barva-LED / 630» using the
0.1% methylene blue solution as a photosensitizer.
The energy exposure per session was 45 J/cm?®. The
course of PDT treatment consisted of two sessions
with an interval of 3 days [7].

In group 3 the PRP was obtained according to
the method of R. Dhurat et al. [11].

Animals of groups 1 and 2 were withdrawn from
the experiment on days 14, 21, 30, 37, and 52 (5
rats for each experimental period). Animals of
group 3 were withdrawn from the experiment on
days 10, 13, 16, 19, 22, 25, 28, 31, and 45 (5 rats
for each experimental period).

Skin with underlying soft tissues from the area of
radiation damage were the material for morphologi-
cal examination. The material was fixed in 10% for-
malin solution. The induration of tissues fixed in for-
malin was achieved by the passing through alcohols
of increasing concentration, Nikiforov’s liquid (96 %
alcohol and diethyl ether in a ratio of 1: 1), chloro-
form, and pouring into paraffin. Serial sections
4—5 - 10 m thick were made from the blocks for
hematoxylin and eosin, picrofuxin according to van
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BaH l'i3oHoM, 3a Mamiopi. MikponpenapaTu JOCHTi-
KyBasIu Ha Mikpockori «Olympus BX-41».

MopdomeTpudyHe TOCTimKeHHsT OyJI0 TTPOBEACHO Ha
mikpockori «Olympus BX-41» 3 BUKOpHUCTaHHSIM ITPOT-
pamu «Olympus DP-soft version 3.1», y Xofi sikoro B
pPaHOBili TIOPOXHWHI BU3HAYAJIM TOBIIMHY JIEHKOIIM-
TapHO-HEKPOTUUYHOIO 11apy, 30HU AeMapKallil, Liapy
rpaHyJISLiitHOI TKAHWHU, I1apy CITOJYyYHOI TKAHWHU.

CTaTUCTUYHUI aHaJTi3 OTPUMAHUX LIU(PPOBUX TaHUX
MPOBOAWIM 3a OIIOMOTroI0 Iporpam Statistica 6.0 ta
Microsoft Excel 2003. CepenHi 3HaueHHS TOKAa3HUKIiB
y Ipynax MHOpPiBHIOBaJIM, BUKOPMCTOBYIOUM Helapa-
MmeTpuuHuii U-kputepiii MaHHa-YitHi. BigMiHHOCTI
BBaxkanu 3Hauylumu npu p < 0,05.

PE3VJIBTATU TA OBTTOBOPEHHS

Y rpymi 1 Opu OmIsAOBi MiKpOCKOIil B IIKipi 3
OigjaerauMu M’ SIKUMU TKaHuHaMu 3 14-1 mo 52-ry go-
Oy B 30Hi BIUIMBY IIPOMEHEBOTO (DaKTOPY OYyII0 BUSIBIIC-
HO BUpPa3Ky BEJIMKUX PO3MipiB, ITMOMHA SIKOT JOXOIU-
Jia 10 A€PMMU Ta TiloJepMU.

MikpockoniyHa OygoBa NpOMEHEBOI BUPAa3KU y TBa-
puH rpynu 1 3anexana Big TepMiHy ekcriepumeHTy. Ha
14-ty i 21-my goOy BOHa XxapakKTepu3yBajlacs Ha-
SIBHICTIO JBOX IIIAPiB — JICUKOLMTAPHO-HEKPOTUIHOTO
Ta 30HM AeMapkalii. JleiKkouuTapHO-HEKPOTUYHUA
map OyB IpeAcTaBIeHUI HEKpPOTU30BaHUMMU dpar-
MEHTaMU eIlifepMicy, 1epMHU, TiMoaepMu 3 HasIBHICTIO
BEJMKOI KiJIbKOCTi 3aru0Jux JelKouuTiB. 30Ha Je-
Mapkauii Biagijsia HEKpOTU30BaHi TKAHWHU Bil He-
YIIKOIKEHUX TKaHWH. Bimomo, 1110 OcTaHHSI Ma€ Be-
JINKE 3HAaYeHHS ISl 3aXUCTy OpraHi3Mmy Bil IMPOHMK-
HEHHS YY>KOPiIHUX aHTUTEHIB, all>)K€ YMCIIEHHI JIEMKO-
LUTU Bady OJJOKYIOTh IPOHUKHEHHS B iHTAaKTHi TKAHU -
HM aHTUTE€HIB 30BHIIIHbOrO CEpPEeAOBUILA, B TOMY
yycii i MikpoopraHi3mis [12].

Ha 30, 37 Tta 52-ry no0y y TBapuH rpynu 1 BUpa3Kka
XapaKTepu3yBajlacsl HasSBHICTIO JICKOLMTapHO-HEK-
POTHUYHOrO 1lIapy, JeMapKaliiiHOro JeMKOLUTapHOro
BaJly Ta ILIapy TpaHyJasLiliHOi TKaHUHU. OCTaHHS Ha
30-Ty no0y Oysa He3pijaolo, OAHAK 10 52-i 100U BiaOy-
Bajocs 1i 103piBaHHS, MPO 110 CBITYMIO HAPOCTAHHS
BOJIOKHMCTOI'O KOMITOHEHTY i 3MEHIIIEHHS CYyIMHHOTO
Ta KJiITUHHOTO KOMITOHEHTiB. BolOKHUCTUIT KOMMO-
HEHT I'paHyIsLiiHO1 TKaHWHU 3 30-1 110 52-TY 100y Xa-
paKTepU3yBaBCsl BUPaXKECHUM IIpeBaTIOBAaHHSIM KOJIa-
T€HOBMX BOJIOKOH HaJl €TaCTUIHUMM, IPUIOMY B Uac-
TUHI TIOJIiB 30py €JIaCTUUYHI BOJIOKHA HE Bimmivanucs.

VY rpymi 1 mpu MopdoMeTpUaHOMY TOCTiIKEHHI OYJI0
BCTAHOBJICHO, IO TOBIIMHA JIEHKOLIMTapHO-HEKPO-
TUIHOTO mIapy 3 14-i mo 21-mry mo0y He 3MiHIOBanacs
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Gizon, and Mallory staining. The micropreparations
were examine through a Olympus BX-41 microscope.

The morphometric study was performed in an
Olympus BX-41 microscope using the Olympus
DP-version 3.1 software, during which the thickness
of leukocyte-necrotic layer, demarcation zone,
granulation tissue layer, and connective tissue layer
were determined in the wound cavity.

Statistical analysis of the obtained digital data was
performed using the Statistica 6.0 and Microsoft
Excel 2003 siftware. The average values in the groups
were compared using the non-parametric Mann-
Whitney U-test. The differences were considered
significant at p < 0.05.

RESULTS AND DISCUSSIONS

In group 1 the assessment microscopy from the 14"
to the 52" day revealed a large ulcer in the skin with
underlying soft tissues in the area affected by the
radiation. The depth of ulcer reached both dermis
and hypodermis.

The microscopic structure of radiation ulcer in
animals of group 1 depended on the experiment
duration. On the 14™ and 21" day it was character-
ized by the presence of two layers — leukocyte-
necrotic and demarcation zone. The leukocyte-
necrotic layer was represented by necrotized frag-
ments of epidermis, dermis, hypodermis with the
presence of a large number of dead leukocytes. The
demarcation zone separated necrotized tissues from
intact ones. It is known that the latter is of great
importance for protecting the body from penetration
of exogenous antigens, because numerous leuko-
cytes of the shaft do block the penetration of envi-
ronmental antigens, including microorganisms, into
the intact tissue [12].

At days 30, 37, and 52 in group 1 of animals, the
ulcer was characterized by the presence of a leuko-
cyte-necrotic layer, a demarcation leukocyte shaft,
and a layer of granulation tissue. The latter was
immature on the 30™ day, but by the 52™ day it was
maturing, as evidenced by the growth of the fibrous
component and decrease of vascular and cellular
components. The fibrous component of granulation
tissue was characterized from the 30" to the 52" day
by a pronounced predominance of collagen fibers
over the elastic ones, and in some fields of view the
elastic fibers were not observed.

The morphometric study in group 1 showed no
change in thickness of the leukocyte-necrotic layer
from the 14" to the 21* day (p > 0.05), while from
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(p > 0,05), a 3 30-1 mo 52-ry moOy 3MeHIlyBajacs
(p <0,05) (puc. 1). 3MeHILIEHHS TOBIIWHY JIEWKOIIUTAP-
HO-HEKpPOTUYHOTO 1Iapy, 3 HAIIOI TOUKU 30Dy, BigOyBa-
JIOCSI 32 paXyHOK PO3BUTKY (PepMEHTaTHBHOIO MPOTEO-
JTi3y hepMEeHTaMU, 1110 IPOAYKYIOTHCS Pi3HUMHU KITITHHA-
MM, B TOMY YHMCITi ¥ JISHKOLIUTaMU, a TAKOX (hepMeHTaMU
MiKpoOHOTro ToXomKkeHHd. [lpoteomiTnaHi depmeHTH
MPUCKOPIOIOTH TIPOLIEC PO3MAaMy OiIKiB HEKPOTHU30BaHUX
KJIITUH 10 MEeNTUAIB Ta aMiHOKHUCIIOT, CIIPUSIIOUH JIi3UCY
HEKPOTHU30BaHUX TKAHWH, IX BiIJJIEHHIO Bid paHOBOL
MoBepxHi Ta ounieHHIo panu [13]. 3 30-1 mo 52-1y no-
Oy TOBIIMHA IPaHYJISALiAHOI TKAHUHU 30iJblIyBajacs
(p <0,05), 110 € 3aKOHOMiPHUM MPOLIECOM JIJI51 3aTOEHHS
paH. IpaHynsuiliHa TKaHWHA, SIK BilOMO, 3allOBHIOE
paHoOBHIi nedeKT, 3 TUIMHOM 4Yacy A03piBa€ i MmepeTBo-
PIOEThCS HA CTIOJIyYHY TKaHUHY. [paHy/siiiiHa TKaHMHA
TaKOX BUKOHYE 3aXVCHY (DYHKILIO 1100 paHU, Mepel-
KOI>KalouM MPOHUKHEHHIO MiKpOOiB yriimb TKaHuH [14].

B oTouyrounx mpoMeHeBY BUpPA3KYy eIliaepMici, aepmi,
rinmojgepMi Ta M’s130Biil TKAHWHI OyJI0 BUSBJICHO Pi3Hi
3arajpHonartojioriydi mpouecu. Ha 14-ty moby B
emiTe/liaJibHOMY 1Iapi Biamivaaucs aTpodidyHi, JUCT-
podiuHi Ta HEKpPOTWYHI 3MiHM; B IepMi, TirmogepMi i
M’SI30Bili TKAHWHI — FreMOAWHAMIUYHi IMOPYIIIEHHS, HEK-
pO3 CMOJIYYHOTKAHUHHMX BOJOKOH, AUCTPO(iUHi 3Mi-
HU B HEPBOBMX BOJIOKHAX, B CyIMHAaX O3HAKW Bac-
KyJity, nudy3Ha norimMop@HO-KITiTUHHA iH(ITETpalis,
npeacTaBieHa JeMKOUUTaMU, TiM(POLMTAMU i TOAUHO-
KMUMHU Makpodaramu; aTpo@iyHi Ta HEKPOTUYHI 3MiHU
OpUIATKIB IIKipW, 110 PO3TAIIOBYBAJIMCS B AEPMi;

the 30™ to the 52™ day it had decreased (p < 0. 05)
(Fig. 1). The decrease in the leukocyte-necrotic
layer thickness, from our point of view, was due to
development of enzymatic proteolysis by enzymes
produced by various cells, including leukocytes, as
well as enzymes of microbial origin. Proteolytic
enzymes accelerate the breakdown of proteins of
necrotized cells to peptides and amino acids, pro-
moting the lysis of necrotized tissues, their separa-
tion from wound surface and wound cleansing [13].
From the 30" to the 52 day, the thickness of the
granulation tissue increased (p <0.05), which is a
natural process for wound healing. Granulation tis-
sue is known to fill the wound defect, maturing over
time and turning into connective tissue. Granu-
lation tissue also performs a protective function
against the wound, preventing the penetration of
microbes into the tissue [14].

Various general pathological processes have been
found in the epidermis, dermis, hypodermis, and
muscle tissue surrounding the radiation ulcer. On
day 14 the atrophic, dystrophic and necrotic changes
were observed in epithelial layer. Hemodynamic dis-
orders, necrosis of connective tissue fibers, dys-
trophic changes in nerve fibers, vascular signs of vas-
culitis, diffuse polymorphic-cellular infiltration,
represented by leukocytes, lymphocytes and single
macrophages emerged in the dermis, hypodermis
and muscle tissue. Atrophic and necrotic changes of
skin appendages located in the dermis were seen
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PucyHoK 1. MopdomeTpuyHi nokasHuku ToBWMHW wapiB (MKM) iHdikoBaHOi S. aureus npomeHeBOi
BMpa3KM WKipu cTerHa wypis-camyis niHii WAG (rpyna 1) B puHamiui cnocrepekeHHsa 3 14-i no 52-ry po6y
eKcnepuMeHTy

Figure 1. Morphometric parameters of layer thickness (um) in S. aureus-infected radiation skin ulcer in male
rats of the WAG line (group 1); observation period from day 14 to day 52 of the experiment
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ileMiyHi Ta ajapTepaTMBHI 3MiHM ITAapeHXiMaTO3HOTO
KOMITOHEHTY M’s130Boro 1mapy. Ha 21-11y 100y nopis-
HSHO 3 14-10 100010, B OTOUYIOUNX ITPOMEHEBY BUPA3Ky
TKaAHMHAaX 3pOCTaB CTYIiHb BUPaXK€HOCTI 3arajibHoOIa-
TOJIOTIYHUX TIPOIECiB, Y MOJiMOP(MHO-KITITUHHIN
iHdinpTpanii 3’ IBasIMC KITUHU ($iOpoOIaCTUUHOTO
psanmy. Ha 30, 37 i 52-ry no0Oy mopiBHSHO 3 21-10 100010
BUPA3HICTh 3araJibHOMATOJIOTIYHUX MPOLIECiB 3MEHIIIY-
Bajlacsl, PO3BUBAJIMCSI CKJIEPOTUYHI 3MiHM, cepen
noaiMop(HOI KIIITUHHOI iH(iIbTpaLlil 3MeHIIyBa1acs
KIUJTBKICTh JIEMKOLIMTIB i 3pocTaja KiJIbKiCTh JiMpo-
LIMTiB, MaKpodariB Ta KIiTHH (PiOpoOIACTUIHOTO PSIIY.

PanoBuii nporiec, SIK BitoMo, € CKJIaTHUM Oaratoriia-
HOBUM SIBUILEM, Y SIKOMY BUAISIIOTh TpU 0OOB’SI3KOBI
KOMITOHEHTHU: MOLIKOMXKEHHSI, 3aMaJeHHs i BiTHOBJICH-
Hs. Y nepediry paHoBOIO MPOLIECY BUILISIOTh TPU CTa-
Hii: 1) TpaBMaTW4HE 3aMaJieHHs, 2) HOBOYTBOPEHHS
TpaHYJSILIITHOI/CIIOIyYHOI TKAHWHU, PeTeHepallisl erli-
Teqito, 3) ¢popmyBaHHS i mepedymoBa pyors [15].

ITpu MopemoBaHHi iH(piKOBaHOI S. aureus mpomMeHe-
BOI BUPA3KU IIKipH 3a repion 3 14-i mo 52-1y mody Oyno
BUSIBJICHO XapaKTePHi 03HAKU JIMIIIE TIEPIINX IBOX CTa-
Jiii Tiepebiry paHoBoro mpouecy. BusiBaeHa oco0iau-
BICTB TTOJISITa€ y TOMY, 1110 iH(iKOBaHa S. aureus mpome-
HeBa BMpa3Ka IIKipU XapaKTepU3YEThCS TPUBATILLIUM
MPOLIECOM 3arO€HHS, 1110 OOYMOBJIEHO, 3 HAIlIOi TOUKU
30py, IIPOJIOHTOBAHOIO 3a YaCOM CTalli€l0 3arayeHHS;
HEaKTMBHUMM MpoliecaMy OUYMIIIEHHSI paHU Bill HEKPO-
TU30BaHUX TKAHWH; MJISIBUMU MpPOLIECaMU YTBOPEHHS i
JO3piBaHHS TpaHY/SILIHOI TKAHUHUW; BUPA3HUMM Te-
MOAMHAMIYHMMU MOPYLIEHHSIMU i CTPYKTYPHUMMU 3Mi-
HaMU y CTiHKaxX CyIuH B OTOYYIOUMX PAHOBY MOPOXKHM-
Hy JIepMi, rimomepMi i M’SI30Bill TKaHWHI, 110 TTPU3BO-
ITh IO MOPYILIEHHS TPOpiKK IUX TKAHUH.

VY rpymi 2 mpomMeHeBa BMpas3Ka Ha 14-Ty moOy mMaia
BEJIMKI po3Mmipu, rMuOMHA ii JOXOAWUJIa 10 AepMU abo
MOBEPXHEBUX BiIiNiB TimogepMu. MiKpoCKOMiYHO
npoMeHeBa Bupa3ka Ha 14, 21, 30-Ty noOy xapakTepu-
3yBaJlacsl HAsIBHICTIO JIEMKOIIUTAPHO-HEKPOTUIHOTO
Iapy, AeMapKalliifHOro JIeMKOLIMTapHOTro Bajly, IIapy
TpaHyJISLifHOT TKAHUHU.

Ha 37-my no0y paHoBa MopoxxHK1Ha OyJia 3arOBHEHA
rpaHyJISILIMHOIO i CITOJIYYHOI TKAHUHAMU, TIPUUOMY Y
BOJIOKHUCTOMY KOMITOHEHTI TpaHyJSLiHOI TKAaHUHU
BigMivaJMCcsl MOTOBIIEHI Ta XaOTMYHO pPO3TallOBaHi
(GyKCUHOMIIBHI CMOJYYHOTKAHUHHI BOJIOKHA, Cepel
SIKMX BU3HAYaJUCs JIMILE KOJareHOBi BOJIOKHA. Busis-
JIeHi MOpOJIOTiUHi 0COOJMBOCTI BOTOKHUCTOTO KOM-
MOHEHTAa TPaHY/ISIUiMHOT TKAHWUHU € XapaKTepHUMMU
O3HaKaMU MaTOJOTiYHUX pyOLiB 1iKipu [16]. [ToBepx-
Hs1 ¢(hOPMOBAHOTO pereHepary Oyjia BKpUTa CTOHIIIE-

along with ischemic and alternative changes in the
parenchymal component of the muscle layer. The
severity of general pathological processes increased
in the tissues surrounding the radiation ulcer, and
fibroblastic cells appeared in the polymorphic-cell
infiltration on day 21, compared with day 14. The
severity of general pathological processes on days 30,
37, and 52 decreased, sclerotic changes developed,
number of leukocytes decreased within polymorphic
cell infiltration and the number of lymphocytes,
macrophages and fibroblastic cells increased com-
pared with the day 21.

The wound process is known to be a complex multi-
faceted phenomenon in which three essential com-
ponents are distinguished: damage, inflammation,
and recovery. During the wound process, there are
three stages: 1) traumatic inflammation, 2) granula-
tion/connective tissue appearance and epithelial rege-
neration, 3) scar formation and reconstruction [15].

In the simulation of S. aureus-infected radiation
skin ulcer the characteristic signs of only the first
two stages of wound process were revealed for the
period from day 14 to day 52. The identified fea-
ture was that the S. aureus-infected skin radiation
ulcer features a longer healing process, which is
due, in our view, to a prolonged stage of inflamma-
tion, inactive processes of wound cleansing from
necrotized tissues, sluggish processes of granula-
tion tissue formation and maturation, pronounced
hemodynamic disturbances and structural changes
in the wall of blood vessels in the dermis, hypoder-
mis and muscle tissue surrounding the wound cav-
ity, all leading to disorders of the trophism of these
tissues.

In group 2 on the 14" day the radiation ulcer was
large, its depth reached dermis or superficial parts
of the hypodermis. Microscopically the radiation
ulcer on the 14", 21%, and 30" days was character-
ized by the presence of leukocyte-necrotic layer,
demarcation leukocyte shaft, and layer of granula-
tion tissue.

On day 37 the wound cavity was filled with granu-
lation and connective tissues, and there were thick-
ened and chaotically located fuchsinophilic connec-
tive tissue fibers in the fibrous component of the
granulation tissue, among which only collagen fibers
were determined. The revealed morphological fea-
tures of the fibrous component of granulation tis-
sue are characteristic features of skin pathological
scars [16]. Surface of the formed regenerate was
covered with a thinned or thickened epidermis, but
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HUM ab0 MOTOBIIEHUM €IiepMicoOM, OIHAK Y YACTUHI
nojiB 30py BiH He crioctepiraBcsd. Bigomo, 1o Ha
TPETili CcTaAdii 3aTOEHHS paHU BiIOyBalOTLCSI MPOLIECU
pyOLIIOBaHHS Ta eImiTesi3allisl paHu, IPUIOMY CTYITiHb
BUPA3HOCTI LIUX MPOIIECIB 3aJIEKUTh OJVH BiJ OMHOTO.
VY diziosioriyHUX yMOBax BiA3HAYE€HO, 1110 OJHOYACHO 3
JTO3piBaHHSIM TPaHYJSILIAHOI TKAHUHU BigOyBa€ThCS
ermiTesizalisa ii moBepxHi. SKio emiTemizauist 3aTpu-
MYETBCSI B Yaci, a rpaHy/Il0BaHHS i J03piBaHHS pyOlie-
BOI TKAaHWHU TPUCKOPIOETHCSI, (HOPMYETHCS TMATO-
JIoTiyHmi pyoenus [13].

Ha 52-ry o0y paHoBa ropoxKH1Ha 0yJjia MOBHICTIO 3a-
TIOBHEHA CITOJIyYHOIO TKAaHWHOIO, BOJIOKHA SIKOI po3Ta-
LIOBYBAJIMCS HE TTapajieibHO MOBEPXHi IIKipH, a XaOTUY-
HO, TOOTO MaJIu pi3HE CIIPSIMyBaHHS, IIPUUOMY B YACTHHI
MOJIiB 30py cepel CIIOJYYHOTKAaHUHHUX BOJIOKOH OyJIi
BUSIBJIEHI TUTBKU TPYOOBOJIOKHHUCTI KOJTAT€HOBI BOJIOKHA.
Micusimu chopMOBaHa CrojlydHa TKaHWHA pO3TalllOBY-
BaJjiacs BUILIE PiBHSI HABKOJIUIIIHBOI LLIKipH 1 Oys1a BKpuTa
CTOHILIEHUM eTiIepMicoM, B SIKOMY OYJIM BiICYyTHi XapaK-
TepHi mapu. ¥ copMoBaHOMY pereHepati MpUAaTKy
1IKipy He BU3Havanucs (puc. 2). Busineni Hamu Mop-
¢ostoriuHi 0COOMMBOCTI B JIiTEpaTypi ONMMCaHi SK 03HAKH,
XapaKTepHi ISl TATOJOTYHKX WKIpHUX pyoLiB [16].

ITpu MmopdoMeTprUIHOMY IOCTIIXKEHHI B IpyIIi 2 Oy-
J10 BcTaHoBeHO 3MeHIeHHs (p < 0,05) ToBIIMHY Jeii-
KOLMTapPHO-HEKPOTUYHOTIO 1LIAPY i 30HU JAeMapKallii 3
14-i o 30-ty no0y, 36inbmeHHs (p < 0,05) ToBIIMHU
11apy TpaHyJsAliiHOl TKaHWHU 3 14-i mo 37-my 100y i
CMHOJYYHOI TKaHUHU 3 37-1 mo 52-ry 100y (puc. 3).

Y TBapuH Ipynu 2 B OTOYYIOUYMX IIPOMEHEBY BHpa3-
Ky emigepMici, mepMi, rimomepMi, M’sI30Biii TKaHUHi
OyJIM BiA3HAYEHi pi3Hi 3araJibHOIATOJOTIUHi MTPOLECH.

in some fields of view it was not observed. It is known
that there are processes of scarring and epithelializa-
tion of the wound in the third stage of wound heal-
ing, and the degree of intensity of these processes
depends on each other. Under physiological condi-
tions it was noted that the epithelialization of granu-
lation tissue surface occurs simultaneously with its
maturation. If epithelialization was delayed in time,
and granulation and maturation of scar tissue were
accelerated, it had led to formation of a pathological
scar [13].

On day 52 the wound cavity was completely filled
with connective tissue, the fibers of which were
located not parallel to the skin surface, but chaoti-
cally, i.e. had a different direction, and in some fields
of view only coarse collagen fibers were found
among the connective tissue fibers. The formed con-
nective tissue was patchily located above the level of
surrounding skin being covered with a thinned epi-
dermis, in which there were no characteristic layers.
In the formed regenerate the skin appendages were
not defined (fig. 2). Morphological features identi-
fied by us were described in the literature as signs
characteristic of pathological skin scars [16].

Morphometric study in group 2 revealed a
decrease (p < 0.05) in the thickness of leukocyte-
necrotic layer and demarcation zone from day 14 to
day 30, an increase (p < 0.05) in the thickness of
granulation tissue layer from day 14 till dat 37 and of
connective tissue from day 37 till day 52 (Fig. 3).

A range of general pathological processes were
observed in the epidermis, dermis, hypodermis, and
muscle tissue surrounding the radiation ulcer in

PuUcyHoOK 2. Npenapar iHdikoBaHoi S. aureus
npoMeHeBOi BMPa3KW WKipu cTerHa wypa i3 3a-
ctocyBaHHam ®AAT (rpyna 2), 52-ra po6a ekcne-
PUMEHTY

CdopmoBaHa cnony4yHa TKkaHMHA PO3TaLLOBYETLCS BU-
e piBHA HABKOJULLIHBLOI LUKIPU i BKPUTA CTOHLLUEHUM
enigepmicom, B SKOMY BIAICYTHI XxapakTepHi wapwn. 3a-
6apBneHHs NikpopykCMHOM 3a BaH [30HOM, x 40.

Figure 2. Preparation of S. aureus-infected ra-
diation skin ulcer of the rat thigh upon PDT ad-
ministration (group 2), day 52 of the experiment
The formed connective tissue was located above the
level of surrounding skin and was covered with a thinned
epidermis with no characteristic layers in it. Picrofuxin
staining by van Gizon, x 40.
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PucyHoK 3. MopdomeTpuuHi nokasHuku ToBuHK WwapiB (MkM) iHgikoBaHoi S. aureus npomeHeBoT BUpasKu
WKipu cTerHa y wypis-camuis ninii WAG i3 3actrocyBanuam ®AT (rpyna 2) B guHamiui cnoctepexeHHa 3 14-i no

52-Ty o6y eKcnepumeHTy

Figure 3. Morphometric parameters of layer thickness (m) in S. aureus-infected radiation skin ulcer in male
WAG rats upon PDT administration (group 2); observation since day 14 till day 52 of experiment

Ha 14-ty no0Oy B emiTeniaJibHOMY IIJIaCcTi Bimmivyanaucs
aJETepaTUBHI 3MiHW; B IepMi, TilmoaepMi, M I30Biil TKa-
HUHi ineHTudIiKyBaUCcs TeMOAVMHAMIUHI TTOPYIICHHS,
aJbTepaTUBHI 3MiHM CITOJYYHOTKAHWHHUX BOJIOKOH,
HaOPSKOBI Ta AMCTPO(iYHI 3MiHM HEPBOBUX BOJIOKOH,
3aTajJbHi 3MiHM Y CTiHKaX CyIWH, TToMiMopdHa KITiTUH-
Ha iH}iABTpallis, 110 cKiIaganacs 3 JEUKOLIUTIB, JiM@o-
LUTiB, MakpodariB, KITUH (pidpobaacTHYHOro aude-
pOHY; aTpo(iuHi Ta ajJbTepaTHMBHiI 3MiHU TIPUAATKIB
LIKipH, 1110 PO3TalllOBYBAJIMCS B IepMi; illIeMiuHi, 1UCT-
podiuHi Ta HEKPOTWYHI 3MiHM M’SI30BUX BOJOKOH
M’s130Boro mapy. Ha 21-11y 1o0y nopiBHsiHO 3 14-10 10-
0010 TOTOBLLIEHUI EMMiaepPMicC 32 PaXyHOK TilepruiacTuy-
HUX MPOLIECIB MiApOCTaB Mij JeMKOLUTAPHO-HEKPOTHUY -
HUI map abo 30Hy JeMapKallii, 110 MPU3BOIMUIIO IO iX
BiUTIJIEHHS Bill paHOBOI MOBEPXHi; y IepMi, Tirmoaepmi i
M’SI30Biii TKAHWHI 3MEHILYBaBCS CTYMiHb BUPAXKEHOCTI
reMOJMHAMIYHUX 3MiH i 3alajibHUX 3MiH y CTiHKax Cy-
JVH, TOYMHAJIA PO3BUBATHCS CKJIEPOTUYHI 3MiHM, cepef
KJIITMHHUX €J€MEHTIB 301IblIyBatacs KiJbKiCTh KJIITUH
¢ibpobnacTruuHoro AucepoHy, JiM@pOLUTIB, MaKpo-
¢ariB Ta 3MeHIITyBaacs KiJIbKicTh JefikounTiB. Ha 30-Ty
00y MOpiBHSIHO 3 21-10 10000 CTYIMiHb BUPAXKEHOCTI
rineprijiacCTUYHUX MPOLECIB y EMiAepMici 3pocTaB; y aep-
Mi, TinoaepMi, M’SI30Biii TKAaHMHI O3HAKKU MOPYILIECHHS
KpPOBOOOITy 3MEHIIYBAJIMCSI, HAPOCTAIM CKJICPOTUYHI
3MiHM, cepel KIITUHHOI iH(inbTpauii 30iablIyBanacs
KUTBKiCTh KIIITUH (pidpobaacTMYHOro AudepoHy, 3MEeH-
1LyBajacs KiJIbKicTb JiMpoLuTiB, Makpodaris. Ha 37-ty
00y nmopiBHSIHO 3 30-10 100010 Y KpaliOBUX Biminax pa-

group 2 of animals. On the 14™ day there were alter-
native changes in the epithelial layer, while hemody-
namic disorders, alternative changes of connective
tissue fibers, edematous and dystrophic changes of
nerve fibers, inflammatory changes in vessel wall,
polymorphic cellular infiltration consisting of leuko-
cytes, lymphocytes, macrophage cells, and fibrob-
lastic dipheron cells were identified in the dermis,
hypodermis, muscle tissue. Atrophic and alternative
changes of skin appendages located in the dermis,
ischemic, dystrophic and necrotic changes in the
muscle fibers of the muscle layer were found. On the
21% day compared with the 14" day, the thickened
epidermis due to hyperplastic processes grew under
the leukocyte-necrotic layer or demarcation zone,
which led to their separation from wound surface.
Severity of hemodynamic and inflammatory
changes in the blood vessel wall in dermis, hypoder-
mis and muscle tissue decreased, sclerotic changes
began to develop, number of fibroblastic diferon
cells, lymphocytes, macrophages increased along
with and white blood cell number decreased. On the
30" day compared with the 21* day the severity of
hyperplastic processes in epidermis increased. Signs
of circulatory disorders in the dermis, hypodermis,
muscle tissue decreased, sclerotic changes increa-
sed, number of fibroblastic diferon cells among the
cellular infiltration increased, number of lympho-
cytes and macrophages decreased. On the 37" day
compared with the 30" day the thickness of epider-
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HY TOBIIMHA eITiAepMicy 30i/IbIITyBajacsl, BiH yTBOPIOBaB
AKaHTOTUYHi BpOCTaHHS B JepMy; Y JAepMi, Timoaepmi,
M’SI30Bilf TKaAaHWHI CKJICPOTUYHI 3MIiHM HapOCTaJH,
noJiiMop(HO-KIITUHHA iH(]iIBTpallis Ha0yBaja IpiOHO-
BOTHMILIEBOTO XapakTepy i OyJia nmpeacTapieHa KJIiTUHA-
MU (idbpodaacTuuHOro AUMEpPoHy, MOOAUHOKHUMU
nmiMdormramu i Makpodaramu. Ha 52-1y moOy mopiBHSI-
HO 3 37-10 100010 HApOCTaau CKJIEPOTUYHI 3MiHU B
JiepMi, TirmomepMi i M’s130Biil TKaHMHI.

ITpoBeaeHuMit HaMK aHaJli3 OTPUMAHUX JAHUX Y TPYITi
2 TIOPIiBHSIHO 3 TPYIIOI0 1 TO3BOJIMB 3pOOUTH BUCHOBOK
1I0JI0 aKTUBi3allii Ta MPHUCKOPEHHS 3aro€eHHS iH(piKoBa-
HO1 S. aureus IPOMEHEBO1 BUPA3KU LIKipH 3 MiUIETIMMU
M’SIKMMU TKaHUHaMu B ymoBax IipoBemeHHS DT,
ITporiec 3aroeHHS BUpa3Ky B IpyIri 2 3a niepion 3 14-i mo
52-1y o0y eKCIIepUMEHTY MPOXOIMUB yCi TPU Xapak-
TEpHi IJ19 paHOBOro mpouecy ctanii [15], B pe3yabTari
yoro ¢opMyBaBcsl naToJoriyHui (rimeprpodiyHuii abo
KenmoimHnit) pyoens mikipn. OTpuMaHi pe3yjabTaTd B
TPYIIi 2 aKTyami3yloTh Mpo0aeMy MOIIYKY e(heKTUBHUX
METO/iB JIiKyBaHHs IIPOMEHEBUX BUPA30K, 5IKi O CIIpusi-
JIV TIOBHOLIIHHOMY BiTHOBJICHHIO 1IKipH SIK OpraHy.

Y rpymi 3, 9K i B TomepenHixX IBOX rpyliax, OymoBa
MPOMEHEBOI BUpa3KM 3ajiexana Bil TepMiHy eKCIlepu-
meHTy. Ha 10, 13, 16 i 19-Ty 100y mpomMeHeBa BUpa3Ka
XapaKTepu3yBaacsl HasIBHICTIO JICHKOLIMTAPHO-HEKPO-
TUYHOTO 11apy, 30HU JeMapKallii, 1apy rpaHyJ/siiiiHol
TKaHWHU Ta ILIapy CIoJiydHoi TKaHuHU. Ha 22-ry no0y
paHoOBa MOpPOXHWHA Oyjia 3alOBHEHA I'PaHYJISLIHOIO
Ta CIIOJIYYHOIO TKAHMHAMU, Oyjla BKpMTA ITIOTOBIICHUM
emigepMicoM, 10 CIIOCTepirajiocsi MpakTUYHO B YCiX
nonsgx 3opy. Ha 25, 28, 31 ta 45-ty 100y paHboBa 1mo-
pOoXXHWHA Oy/ia 3allOBHEHA CITOJIYYHOIO TKAaHWHOIO, B
SIKil 3 yacoM 30ibliyBagacs KiJIbKiCTb NPUAATKIB HIKi-
pu (puc. 4). [loBepxHs crolydHOI TKAHWHU OyJa TOB-
HICTIO BKpUTA eIigepMicoM, SIKHi MaB TOILIAPOBY Op-
raHizalliio i yTBOproBaB aKaHTOTHYHi BpocTaHHs. Cop-
MOBaHMI1 pereHepar po3TalllOByBaBCs Ha PiBHI iHTaKT-
HOI LIKipHY. Y CIOJIy4Hili TKAHUHI cepel BOJOKOH Mpe-
BaJIIOBAJIM KOJIAr€HOBI BOJIOKHA HAJl €JTACTUYHUMMU, SIKi
pPO3TALIOBYBAJINCS MEPEBAXKHO TapajeibHO MOBEPXHi
wikipu. IlikaBo Te, 1110 B TOBEpXHEBUX IIapax chopmo-
BaHOTO pereHepary eJacTUYHUX BOJOKOH Oyi10 Oijblie,
MOPiBHSHO 3 TIMOOKUMU BiIdinamMu.

ITix yac MopoMETPUIHOTO MOCHiAXKEHHS B TPYIIi
33 10-1mo 19-ty 100y 6yJ10 BiA3HAYEHO 3MEHIIEHHS
(p < 0,05) TOBIIMHM JIEMKOLIUTAPHO-HEKPOTUYHOTO
1Iapy Ta AeMapKalliifHOTO JeWKOLMTapHOTO Baiy, 3
10-1 mo 22-ty 100y — 36inbiieHHs (p < 0,05) TOBIIMHU
1apy rpaHyJisiiiHoi TKaHWHU (puc. 5). ToBmMHA 11a-
py croyiydHoi TKaHumHU 30inbiryBanacsa (p < 0,05) 3

mis in the marginal parts of the wound increased,
forming the acanthotic ingrown into the dermis. The
sclerotic changes in the marginal parts of the wound
exacerbated. The polymorphic-cellular infiltration
acquired a microfocal character and was represented
by fibroblastic diferon cells, single lymphocytes and
macrophages. At day 52 the sclerotic changes in der-
mis, hypodermis, and muscle tissue increased com-
pared to day 37.

Our analysis of the obtained data in group 2 vs.
group 1 allowed us to state the activation and accel-
eration of healing of S. aureus-infected radiation
ulcer of the skin with underlying soft tissues under
the PDT administration. The process of ulcer heal-
ing in group 2 for the period from the 14" to the 52
day of the experiment has passed all three stages
characteristic for the wound process [15] resulting in
the formation of pathological (hypertrophic or
keloid) skin scar. Results obtained in group 2 actual-
ize the problem of finding effective treatments for
radiation ulcers that would contribute to the full
recovery of skin as an organ.

In group 3, as in the previous two groups, the
structure of radiation ulcer depended on the exper-
iment duration. On days 10, 13, 16, and 19 the radi-
ation ulcer was characterized by the presence of a
leukocyte-necrotic layer, demarcation zone, layer of
granulation tissue, and layer of connective tissue.
On day 22 the wound cavity was filled with granula-
tion and connective tissue, being covered with
thickened epidermis, which was observed in almost
all fields of vision. On days 25, 28, 31, 45 the wound
cavity was filled with connective tissue, in which the
number of skin appendages increased over time
(Fig. 4). The surface of connective tissue was com-
pletely covered with epidermis, which had a layered
organization and formed the acanthotic ingrowth.
The formed regenerate was located at the level of
intact skin. Collagen fibers prevailed in the connec-
tive tissue over elastic ones, which were located
mainly parallel to the skin surface. Noteworthy is
that there were elastic fibers in the surface layers of
the formed regenerate compared to the deep sec-
tions.

The morphometric study revealed a decrease
(p <0.05) in the thickness of the leukocyte-necrotic
layer and the demarcation leukocyte shaft in group 3
from the day 10 to the day 19. An increase (p < 0.05)
in the thickness of the granulation tissue layer was
seen from the day 10 to the day 22 (Fig. 5).
Thickness of the connective tissue layer increased
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PucyHok 4. Mpenapar iHdikoBaHoi S. aureus
npomMeHeBOi BUPA3KM WKipU CcTerHa wypa i3 3ac-
TocyBaHHAM ®AAT 1a PRP (rpyna 3); 45-1a po6a
eKCnepuMeHTy

PereHepaT, W0 XapakTepu3yeTbCA HasIBHICTIO Mpu-
[aTKiB LWKipW; NOBEPXHSA pereHepaTy MOBHICTIO BKpUTa
enigepmicom, KM Mae MoLlapoBy OpraHidawiio; 3a-
0apBieHHA reMaToKCUNiHOM Ta eo3uHoM, x 100

Figure 4. Specimen of S. aureus-infected radia-
tion skin ulcer of the thigh of rats under PDT and
PRP administration (group 3); day 45 of the
experiment.

Regenerate, characterized by the presence of skin
appendages; the surface is completely covered with

epidermis, which has a layered organization, hema-
toxylin and eosin staining, x 100
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PucyHoK 5. MopcomeTpuuyHi nokasHMKu ToBLMHU WwWapiB (MKM) iHthiKoBaHOT S. aureus npomeHeBOT BUPa3Ku
wKipu cterHa y wypis-camuis ninii WAG i3 3actocyBanHam @[T ta PRP (rpyna 3) B guHamiyi cnoctepexeHHs 3

14-i no 45-Ty fo6Gy eKcnepumeHTy

Figure 5. Morphometric indices of layer thickness (um) of S. aureus-infected radiation ulcer of the femoral
skin in male WAG rats under PDT and PRP administration (group 3); observation since day 14 till day 45 of

experiment

10-i o 25-Ty o0y Ta He 3MiHIoBanacs (p > 0,05) 3 28-
1 1o 45-Ty no0oy.

B oTouyrouux paHOBY IOPOXHUHY eMigepMici,
JIepMi, Tirmomepmi, M’SI30Bili TKaHWHI OyIM BigMideHi
pi3Hi 3arajJbHOIMATOJOTIUHI TPOLIECU, CTYMiHb BUpa-
JKEHOCTI SIKUX 3aJeXkaB BiJl TepMiHy eKcriepuMeHTy. Ha
10-Ty noOy B emimepMici po3BUBaIUCS aJibTepaTUBHI
3MiHM Ta rifeprnjaacTAYHiI IPOLECU; B IepMi, Timo-
JepMi, M’S30Bili TKaHWHi OyJIM BHUSBJIEHI TeMOIM-
HaMiyHi MOpYIIEHHs, aJbTepaTUBHI 3MiHU CIIOIY4Y-
HOTKAHWHHUX BOJIOKOH, AUCTPO(iuHi 3MiHM HEpPBO-
BUX BOJIOKOH, 3allajibHi 3MiHU Yy CTiHKaX CYIUH,

(p <0.05) from the day 10 to the day 25 and did not
change (p > 0.05) from the day 28 to the day 45.
Various general pathological processes were obser-
ved in the epidermis, dermis, hypodermis, and mus-
cle tissue surrounding the wound cavity, the severity of
which depended on the duration of the experiment.
On the day 10, alternative changes and hyperplastic
processes had developed in epidermis. Hemodynamic
disorders, alternative changes of connective tissue
fibers, dystrophic changes of nerve fibers, inflamma-
tory changes in the walls of blood vessels, polymor-
phic-cellular infiltration consisting of leukocytes,
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noJjiiMop(HO-KJIITUHHA iHDIBTpallis, 110 CKiIanaiacs 3
JIEMKOLIMTIB, JiMMoUMTIB, MakpodariB i KJIiTUH (idpo-
OmacTMYHOTO psAmy; aTpodiuHi Ta aabTepaTUBHI 3MiHMN
MpUIATKIB IIKipU; aJbTepaTUBHI 3MiHU TMapeHXiMaT03-
HOro KOMMOHEHTY M’s3oBoro 1apy. Ha 13-ty go0y
nopiBHgHO 3 10-10 mob6oro B emimepMici HapocTalu
TinepruiacTU4HI TIpOollecH, BimMmidasiocs (opMyBaHHS
aKaHTOTUYHUX BPOCTaHb Y JEpMY; B JepMi, TimoaepMi,
M’SI30Bilf TKaHWHI 3MEHIIYBaBCS CTYIiHb BUPaKEHOCTI
reMoAMHaMiYHUX TIOPYILIEHb i adbTepaTUBHMUX 3MiH,
3MEeHIIyBajacs ToxiMopdHa KIITMHHA iHQIiIbTpalis,
10 cKJagajacsd 3 KIITUH (iOpoOIacTUYHOro psmy,
JiMdouuTiB, MakpodariB, pPoO3BUBAIUCI CKIECPOTUYHI
3minu. Ha 16-1y Ta 19-Ty 100y nopiBHsSHO 3 13-10 106010
B emigepMici HapocTalu rinepruiacTUYHI Mmpouecu i
30i7blIyBanacs KiJbKiCTb aKaHTOTUYHUX BPOCTaHb Y
JIepMy; B IepMi, TilmoaepMi, M’130Bill TKAaHWHI 3MEHIITY-
BaBCSI CTYIIiHb BHPAXKE€HOCTI TeMOAMHAMIYHUX ITOPY-
IIEHb i ajJbTepaTUBHUX 3MiH, HApOCTalMu CKJIEPOTUYHI
3MiHM, MOJiMOpP¢HO-KIITUHHA iH(iNbTpalis HaOyBaia
0CEpPENKOBOI0 XapakTepy i Oyjia mpencraBieHa KJIiTHHA-
MU idpobdiacTUUHOrO psimy, Makpodaramu i JimMbonu-
tamu. Ha 22-ry i 25-Ty o0y BigMivanmcs mogioHi 1o 19-
i 100U 3MiHM, CTYyMiHb BUPAXKEHOCTI IKMX 3MEHIITYBaBCS,
3a BUHSTKOM CKJIEPOTUYHUX 3MiH, 1110 HapocTaau. Ha
28-My 000y MOPiBHSIHO 3 25-10 10000 HAPOCTAIU CKJIe-
pornuHi 3miau. Ha 31 i 45-Tty 100y mopiBHSIHO 3 28-10
0000 HApOCTaIM CKJIEPOTUYHI 3MiHU, 3’ SIBISUIMCS 03-
HaKW pereHepalrlii MpUIaTKiB IIKipH.

ITpoBeneHe HaMM AOCHIAKEHHS MOKa3ajao, 110 3aro-
€HH4 iH(]iKoBaHOI S. aureus IpoMeHEBOI BUPA3KH IIKi-
pU 3 MiIJIEIMMU M’ SIKMMU TKaHMHaMU B YMOBax IIpoO-
BeneHHs OJIT B moeaHaHHI 3 OOKOIIOBAHHSIM IepU-
depii panu PRP 3a nepioa 3 10-1 mo 45-ty nody exc-
NepUMEeHTY MPOXOAUTH BCi TpU CTadil paHOBOIrO IpPo-
Hecy [15], BHACHiZOK YOTO CTBOPIOIOTHCS YMOBHU IJISI
MpOosIBYy OpraHOTUIIOBOI pereHepauii mkipu. OcTaHHs,
SK BiIOMO, € OJHUM i3 BUAIB pereHepaltiii, Koau e ekt
OpraHy 3aMilllyEThCSI pereHepaToM, BillIOBIIHUM Oy10-
Bi oprany [17].

Ilix yac TmomabIIOro aHaIi3y OTPUMAHMX TaHUX y TPYy-
nax 2 i 3 Oya0 BiA3HAUYE€HO 3HAYHE MPUCKOPEHHS MpPO-
1eciB 3aroeHHS iH(pIKOBaHOI S. aureus IPOMEHEBOI BU-
pa3Ky LIKipy B yMOBax MPOBeNeHHSI KOMOiHOBaHOI Mic-
nesoi Tepartii, TooTo T pa3zoM 3 0OKOIIOBAHHSIM PaHU
PRP, nopiBassHO 3 BukopuctanHsaM onHiei T, Takum
YHOM, <«aKIIEHT» PEreHepaTOpHOIo IIPOIEeCy B yMOBax
MpOBeIeHHsI KOMOIHOBaHOI MiClLIeBOI Tepartii B rpyri 3
OyB CIIpSIMOBaHMII Ha NPUCKOPEHHS TEMIIiB 3arO€HHS
iH(iKOBaHOI .S. aureus IIpOMEHEBOI BUPA3KH i BiTHOBJICH-
H$I IEPBICHOI CTPYKTYPHX BTPAYeHOI YACTUHM 1IKipHU.

lymphocytes, macrophages and fibroblast cells were
found in the dermis, hypodermis, muscle tissue.
Atrophic and alternative changes of skin appen-
dages and alternative changes in parenchymal com-
ponent of the muscle layer were seen. On the day 13,
compared with the day 10, hyperplastic processes
increased in the epidermis. Formation of acanthot-
ic ingrown to the dermis was noted. Severity of
hemodynamic disorders and alternative changes in
the dermis, hypodermis, muscle tissue decreased,
along with the decrease of polymorphic cellular
infiltration, consisting of fibroblastic cells, lympho-
cytes, macrophages, developed sclerotic changes.
On the days 16 and 19, compared with the day 13,
hyperplastic processes in epidermis was intensified
and the number of acanthotic growths in the dermis
increased. Intensity of hemodynamic disorders and
alternative changes in the dermis, hypodermis,
muscle tissue decreased, along with activation of
sclerotic changes. Polymorphic-cell infiltration
became focal, being represented by fibroblastic
cells, macrophages and lymphocytes. On the days
22 and 25there were changes similar to the day 19
day, the intensity of which decreased, except for the
increasing sclerotic changes. On the day 28, com-
pared with the day 25, sclerotic changes increased.
On the days 31 and 45, compared with the day 28,
sclerotic changes increased, and there were signs of
regeneration of skin appendages.

Our study showed that the healing of S. aureus-
infected radiation ulcer of the skin with underlying
soft tissues under PDT administration in combi-
nation with PRP periwound injections for the peri-
od from the day 10 to the day 45 of experiment
goes through all three stages of the wound process
[15], resulting in conditions for the manifestation
of organotypic skin regeneration. The latter is
known to be one of the types of regeneration,
when the organ defect is replaced by a regenerate
corresponding to the organ structure [17].

During the further analysis of the obtained data in
groups 2 and 3, a significant acceleration of the
healing processes of S. aureus-infected radiation
skin ulcer was observed under the conducted com-
bination topical therapy, i.e. PDT together with
PRP periwound injections, compared with PDT
administration alone. Thus, the «emphasis» of re-
generative process under combination local therapy
in group 3 was focused at accelerating the healing
rate of S. aureus-infected radiation ulcer and restor-
ing the original structure of the lost part of the skin.
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IIprckopeHHs TpoleciB 3aro€eHHs iH(piKoBaHOI S.
aureus TIPOMEHEBO1 BUPA3KM LIKipH B Ipymax 2 i 3 Bigdy-
Bajocs 3a paxyHOK no3utuBHUX edektiB ®JIT ta PRP.

®/IT axTtuBizyBajla TpPOLECU OYMIICHHS paHU Bif
HEKpOTU30BaHMX TKAHWH; 3MEHIyBaJia 3anajbHi 3MiHU
B OCEepeaKYy YIIKOIXKEHHS 3a PaXyHOK aHTUOaKTepiaib-
HUX BIIacTUBOCTeH [18]; ctmMymioBama mpolecu pocTy,
JO3piBaHHS TPaHyISALITHOT TKAHUHU 3 TIePEeTBOPEHHSIM
il B CMOJIyYHY TKAaHWHY; 3MEHIIIyBaja CTYIiHb BUpaXe-
HOCTi TeMOAMHAMIUHMX, ilLIEMiYHMX Ta aJlbTepaTUBHUX
3MiH B OTOUYIOUMX PaAHOBY IIOPOXHMUHY AepMi, Tillo-
nepmi, M’g3oBiit TkauuHi. ®AT y KpaiioBux Bigginax
paHu CTUMYJIOBaja TpoJjipepaTUBHI Mpolecu B elli-
JepMici, 10 MPU3BOAUIIO 10 MOTOBIIECHHS JAHOIO LIapy
Ta (hopMyBaHHS HUM aKaHTOTUYHUX BPOCTaHb Y IiIJIET-
JIy TKAHWHY. 3 aKaHTOTUYHUMU BPOCTAHHSIMU EITiTeNiI0
B MpeHaTaJlbHOMY OHTOTreHe3i MoB’a3aH0 (POPMyBaHHS
LIKipHUX AEpUBATiB, TOMY I10$5IBa 31aTHOCTI 1O YTBOPEH-
HSl BUIIMHAHb EIiepMiCOM, 1110 PEreHepye, po3LiHIO-
€Tbcg OaraTbMa BYEHUMM SIK peajiizailis MopdgoreHe-
TUYHUX TOTEHLil paHOBOTO eIriJepMicy B HOBUX YMO-
Bax [19, 20].

BusiBiaeHna ctumyJsiist mpoiieciB 3aroeHHs iH(piKoBa-
HOI IpOMEHEeBOI BUPa3KM LIKipU B yMOBaX BUKOPUCTAH-
Hsa PRP obOymoBieHa HasiBHUMM B Hiil aare3aMuBHUMU
MOJIEKyJIaMM, LIUTOKiHAMU Ta paKTopaMM pocTy (iHCy-
JIiHOMOAIOHUI (akTOp poCTy, TPOMOOLUTAPHUI (haK-
TOp pocTy, TpaHchopmytouuit akrop pocty-f, enigep-
MaJbHUN (PaKTOp pPOCTY, aHTiOTeHHUI (HaKTOp POCTY,
daxTop pocrty ¢pibpobdiactiB, pakTop POCTy EHAOTEMiI0
cynuH) [21].

BUCHOBKU

1. doTommHaMiyHA Tepalis aKTUBI3y€ i IIPUCKOPIOE
Tpoliecy 3arO€EHHS iH(piKoBaHOI S. aureus TpOMeHEBOL
BUpPA3KM LIKIpY Ta TIPU3BOAUTH 10 (DOPMYBAaHHS TaTO-
JIoriyHOoro pyous (rinepTpodiyHOTro ad0 KeJIOiZHOTO0).

2. IIpouecu 3aroeHHs iHMiKOBaHOI S. aureus IpoMeHe-
BOI BMpa3KM IIKipU BiIOyBalOTbCSl OiJibIl aKTUBHO B
yMOBax TIpoBeAcHHS (POTOAMHAMIYHOI Teparii B MO€EI-
HaHHi 3 00KOJIIOBaHHSM Tepudepii paHu 30arayeHoOlO
TPOMOOLIMTAMU T1JIa3MOI0, MOPIiBHSIHO 3 OJHiI€I (POTO-
JUHAMIYHOIO Teparli€lo, Ta 3aKiHUYIOTbCS OPTaHOTUIIO-
BOIO pereHepalli€lo 3 MpakKTUYHO TMOBHMM BiIHOBJICH-
HSIM TIEPBICHOI CTPYKTYpU BTpPau€HOI YaCTUHU IIKipH.

CMUCOK BUKOPUCTAHUX OXEPEN

1. Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries / F. Bray, J. Ferlay, I.
Soerjomataram et al. CA Cancer J. Clin. 2018. Vol. 68, no 6. P. 394—424.
doi: 10.3322/caac.21492.

Acceleration of healing processes of S. aureus-
infected radiation skin ulcer in groups 2 and 3 was
due to the positive effects of PDT and PRP,

PDT administration resulted in the intensification
of the wound cleansing from necrotized tissues,
reduce of inflammatory changes in the lesion due to
antibacterial properties [18], stimulated the pro-
cesses of growth, maturation of granulation tissue
with its transformation into connective tissue, re-
duced the severity of hemodynamic, ischemic and
alternative changes in dermis, hypodermis, and
muscle tissue surrounding the wound cavity. PDT in
the marginal parts of the wound stimulated prolifer-
ative processes in epidermis, which led to the thick-
ening of this layer and formation of acanthotic
ingrowth into the underlying tissue. Acanthotic
epithelial ingrowth in prenatal ontogenesis is associ-
ated with the formation of skin derivatives, so the
emergence of the ability to form protrusions of the
regenerating epidermis is regarded by many scien-
tists as the realization of morphogenetic potentials of
wound epidermis under the new conditions [19, 20].

The revealed stimulation of healing processes
of infected radiation skin ulcer under PRP
administration is caused by the available adhe-
sive molecules, cytokines and growth factors,
namely the insulin-like growth factor, platelet-
derived growth factor, transforming growth fac-
tor-f, epidermal growth factor, angiogenic
growth factor, and vascular endothelial growth
factor [21].

CONCLUSIONS

1. Photodynamic therapy activated and accelerat-
ed the healing process of S. aureus-infected radia-
tion skin ulcer and led to the formation of a patho-
logical (hypertrophic or keloid) scar.

2. The healing processes of S. aureus-infected
radiation skin ulcer under the photodynamic the-
rapy administration in combination with platelet-
enriched plasma periwound injections occurred
more actively compared to administration of pho-
todynamic therapy alone, and ended with organo-
typic regeneration with almost complete restora-
tion of the original part.
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