EKCMNMEPUMEHTAJIbHI

OOCNIAXKEHHA

ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2014. Bun. 19.

YIK 616+615-001.27

JI. 1. CimonoBa-Ilymkap, B. 3. I'eprman, JI. B. BinorypoBats

Uepacaena ycmanosa “Incmumym meduunoi padionoeii im. C. I1. Ipueop’eea Hauionaavroi akademii
meouunux Hayk Yipainu”, éya. Ilywkincoka, 82, Xapkis, 61024, Ykpaina

3ACTOCYBAHHS ®OTOMATHITHOI TEPAIIII 1)1 JIKYBAHHA
ITPOMEHEBHUX YIIIKO/I2KEHDb IIIKIPAU ¥ IITYPIB

MeTa: ygockoHanut metoaun npodinakTMKM Ta NiKyBaHHA MiCLEBUX NPOMEHEBUX YLWKOMKEHb WKipK 3a LONOMOrO0
coTomarHiTHoi Tepanii.
Marepianu i metoau. [JocnigxeHHs npoBefeHi Ha 60 wypax-camuax niHii Bictap 3 macoto Tina 180-200 r. Ha peHT-
reHiBCbKOMY anaparti JIoKasibHO ONPOMiHIOBaNM CTErHOBY AiNAHKY NPaBoi 3afHbOT KiHLiBKM wWypiB y Ao3i 80,0 Ip. On-
pOMiHeHi TBapuHW GyN1 po3nOAiNeHi Ha 2 rpynu: KOHTPONbHY Ta gocaiaHy. LLypn gocnigHoi rpynu oTpumyBanm 2 Kyp-
cu oTOMarHiTHOT Tepanii Ha onpoMiHeHy AinaHKy wkipu. CnocTepexeHHs NpoBoAUaM BNpogoBx 60 #i6. Metogu
JOCNIMKEHHS — 3arafbHOKATHIYHI, MCTONOrMYHI, CTaTUCTUYHI.
Pe3synbratn pocnigeHHsa. JlokasbHe OMPOMIHEHHS WKipU WYPiB BMKAMKAE PO3BUTOK MPOMEHEBOT BMPA3KW y
60—70 % TBapWH 3 pyitHYBAHHAM CTPYKTYPU B yCix wapax Wwkipu. CnoHTaHHe 3aroloBaHHA NPOMEHeBOT BUPA3KK TpU-
BAE HE MEHLUI 1BOX MicsALiB Ta He NPU3BOAMUTb 40 MOBHOLIHHOMO BigHOB/EHHS WKipn. PoTomarHiTHa Tepanis, 3aCToco-
BaHa oApa3y nicns onpoMiHiOBaHHSA, BABIYi 3MeHLYBaNa 4acTicTb BUHMKHEHHA NPOMEHEBUX BUPA30K, MPUCKOPIOBa-
Na Ha 3 TUKHI TX NOBHOLHHE 3aroloBaHHA, nonerwysana ix nepebir. lcronoriyHe gocnifxeHHs nokasano, Wo doto-
MarHiTHa Tepanis 3HUXyYBana CTyMiHb YIWKOMKEHHS YCiX WapiB WKipy, BIAHOBOBaNA CTPYKTYpPY enifgepmicy Ta aepmu,
3MeHLWYyBana CTyMiHb 3anajbHKUX i 4ECTPYKTUBHUX NPOLECIB B AepMi.
BucHoBKK. PoTOMarHiTHa Tepanis cnpaBfse 3HAYHMI NO3UTUBHMIA NiKYBaNbHWI edeKT 3a paxyHOK 3HAYHOTO 3HM-
XKEHHSA 3ananbHUX i JECTPYKTUBHMX NPOLECIB B YCiX Wapax WKipu, CTUMYNIOE BiAHOBNEHHS KPOBOMOCTA4YaHHSA B yll-
KO[pKeHiN TKaHWHi, nponicdepauito GpibpobnacTiB i aKTUBALiO CMHTE3Y MOBHOLHHMX KONAareHOBUX BOMIOKOH Ta iHWUX
CKNaf0BUX CMOJYYHOT TKAHWUHW, 3aBAAKM YOMY MaifXKe Ha MicALb NPUCKOPIOE 3aro0BaHHS NMPOMEHeBOT BUPA3KU.
Knio4oBi cioBa: nokanbHe peHTreHiBCbKe ONPOMiHEHHS, MiCLIeBi NPOMEHEBI YUIKOMXEHHS, NPOMeHEeBi BUpPa3ky, do-
TOMArHiTHa Tepanis, WKipa, Wypw.
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Application of photo-magnetic therapy for treatment of skin radiation damage
in rats

Objective: To improve methods of prevention and treatment of local radiation injury to the skin using the photo-
magnetic therapy.

Materials and methods. Study was conducted on 60 male Wistar rats with 180-200 g bodyweight. The femoral area
right hind limb of rats was locally irradiated by X-ray unit at a dose of 80.0 Gy. Exposed animals were divided into 2
groups: control and experimental. The rats of the experimental group received 2 courses of photo-magnetic thera-
py on the irradiated skin. The observations were carried out for 60 days.

Methods - clinical, histological and statistical.
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Results. Local irradiation of rat skin causes the development of radiation ulcers in 60-70 % of the animals with the
destruction of the structure in all layers of the skin. Spontaneous healing of radiation ulcer lasts at least two months
with no complete skin recovery. Photo-magnetic therapy applied immediately after irradiation resulted in two-fold-
decrease of frequency of radiation ulcer incidence, accelerated the complete healing for 3 weeks and to ameliorat-
ed their progress. Histological examination showed that the photo-magnetic therapy reduced the extent of damage
to all layers of the skin with restoration of epidermis and dermis structure and reduced the degree of inflammatory
and destructive processes in the dermis.

Conclusions. Photo-magnetic therapy produces a significant positive treatment effect by significantly reducing the
inflammatory and destructive processes in all layers of the skin, stimulates the blood flow recovery in damaged tis-
sue both with fibroblast proliferation and synthesis activation of native collagen fibers and other components of

connective tissue, so almost a month accelerates ulcer healing radiation.
Key words: local X-ray irradiation, local radiation injury, radiation ulcers, photo-magnetic therapy, skin, rats.
Problems of radiation medicine and radiobiology. 2014;19:458-470.

OgHUM i3 CKJIagOBMX KOMITJIEKCHOTO JIIKyBaHHS 3J10-
SIKICHUX ITyXJIMH € IIPOMeHeBa Tepaltisl, 4acTo 3 BETMKUMU
OCEPEIKOBUMU Ta iHTErpalbHUMU A03aMU. 3aCTOCYBaH-
Hs1 iHTEeHCMBHUX METOJiB MPOMEHEBOI Teparlil J03BOJIsIE
3HAYHO 30i/JblLIYyBaTU TPUBAIICTb KUTTS OHKOJIOTIYHUX
XBOpUX, ajie TMapaieibHO 30UIbIIYETHCS I PU3UK MOSIBU
pamiallifHUX yCKJIaTHEeHb, SIKi MOXKYTh BUHUKATH Y Pi3HUX
opraHax i TkaHuHax. ITepiuM 6ap’epoM Ha IUISIXY iOHi-
3ylI04OIro BMIIPOMIHIOBaHHSI MpU IIPOMEHEBill Teparlii €
IIKipa Ta MigKipHa KITITKOBUHA, TOMY VIIKOIKEHHS LINX
TKAHWH 3YCTpida€eThcsl HaityacTiiue. MiclieBi mpoMeHeBi
yikomkeHHs (MITY) mikipy MoXXHa BiTHECTH 10 HAWTO-
LIMPEHILIMX YCKIaAHEeHb IPOMEHEBOIO JIIKYBaHHSI.

3a yacoM BMHUKHEHHSI MPOMEHEBi YIIKOIKEHHS
MOAISAIOTHCS HA paHHi, TOOTO Ti, 1110 BAHUKAIOTh B MPO-
1eci JikyBaHHsI abo Bigpasy Micias HbOTO, i Mi3Hi, SKi
PO3BUBAIOThCSI Yepe3 3—6 MicdLiB Micasl 3aBeplIeHHS
MPOMEHEeBOI Tepartii.

HaiitsokauM BUIOM MMPOMEHEBUX YIIKOIKEHD IIKIpH i
M’SIKMX TKaHWH € TMPOMEHeBi BuUpa3Ku. B gaHuil yac
NpOMEHEeBI BUpa3Ky PO3BMBAIOThCS HalluacTillue B Mi3Hi
TepMiHU micis onpomiHeHHs [1]. B3arani, nias npome-
HEBMX YIIKO/IXXE€Hb OpraHiB i TKAHWH, Y TOMY YMCHi i
NPOMEHEBUX BMPA30K IIKipU, XapaKTepHUM € MpHU-
THiYeHHsI pernapaliiiHuX OpoLeciB, X MISIBUM nepeobir i
Maja e(peKTUBHICTh JiKyBadbHUX 3axomdiB [1—3]. Tomy
JIIKyBaHHSI IPOMEHEBUX BUPA30K € HAWOUTbII BaxKKOIO
npo0eMOI0 3 yCiX BUAIB JIiKyBaHHSI MPOMEHEBUX YIII-
KOJIXKEHb LLKipHU.

VY KJiHiYHi TTpaKTUlli 3aIIPOITIOHOBAHO 0araTo pPi3HUX
METO/IiB JIiKyBaHHS Ta nipodinakTuku MITY mikipu, on-
HaK XOJIeH 3 HUX HE € BUUEPITHO e(PEKTUBHUM.

B Y “Inctutyr MmemnmaHoi pamiosorii im. C. I1. Ipn-
rop’eBa HauioHanbHoi akamemii MEOIUUHUX HayK YK-
paiHn” TpaauLiiHO MPOBOASTHCS POOOTH 3 PO3POOKH Ta
YIOCKOHAJIEHHSI MeToiB JiKyBaHHs1 MITY, npu ubomy
BUBYAETHCSI €(EKTUBHICTh HAWCyJaCHIIIUX METOMIB,

Radiotherapy, often with large focal and integral
dose is one of the components of the complex
treatment of malignant tumors. The use of inten-
sive methods of radiation therapy can significantly
prolong the life of cancer patients, but also simul-
taneously increases the risk of radiation complica-
tions that can occur in various organs and tissues.
The first barrier to ionizing radiation during radio-
therapy is the skin and subcutaneous tissue there-
fore radiation injury of skin occurs most frequent-
ly. Local radiation injury (LRI) of skin can be
attributed to the most common complication of
radiotherapy.

By the time of occurrence of radiation injury
such lesions are classified into early ones that
occur during the treatment or shortly thereafter,
and later ones developing in 3—6 months after the
completion of radiotherapy.

Radiation ulcers are the most severe type of radi-
ation injury to the skin and soft tissues. Currently
the radiation ulcers develop more often in the later
stages after irradiation [1, 2]. Generally, the radia-
tion injury to organs and tissues including the radi-
ation skin ulcers is characteristic with depression
of reparatory processes, their faded pattern and
low effectiveness of medical interventions [1—3].
Therefore, treatment of radiation ulcers as a most
difficult problem of all treatments of radiation
injuries to the skin.

Many different methods of treatment and pre-
vention of skin LRI are proposed in clinical prac-
tice, but none of them are thoroughly effective.

In S.P. Grigoriev Institute for Medical Radio-
logy traditionally works on developing and
improving of LRI treatment methods, and the
effectiveness of modern methods including
physical ones is under the study. Thus, the effec-
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30KpeMa i (piznuHux. Tak, 0y10 moka3aHo e(PeKTUBHICTb
J:azepHoi Tepartii MITY B OHKOJIOTiUHUX XBOPUX Ta B €KC-
nepuMeHTi [4, 5]. TakoxX BcTaHOBIEHO e(heKTUBHICTH Cy-
yacHOro (pi3MyHOro Metroay (oToTeparii 3 BAKOPHUCTaH-
HsIM (DOTOMIOAHUX MPUIAIiB IS TPOMIIAKTUKY Ta JIiKY-
BaHHS paHHIX MPOMEHEBUX YIIKOIKEHb 1IKipH [6, 7].

Bomnouac, cepen cydacHUX (Di3MUHUX TTEPCIIEKTUBHUX
METOJiB 3HAMIIIOB IIMPOKE 3aCTOCYBAHHSI TaKWM METOJ,
sIK MarditHa Tepamnisi. [TokazaHo, 1110 B OHKOJIOTTYHUX XBO-
PHUX 3aCTOCYBaHHS MarHiTHOI Tepariii B micisiornepariiiHo-
My Oepioi MPUCKOPIOE 3aTOEHHS PaH, CITPUSIE MOJIIMILIEH-
HIO TKAHMHHOI MiKpOLMPKYJISILIi, MiACUIIOI0YN KPOBO-
MOCTayaHHS TKaHWH, YIIOBIbHIOE MPOLIECH CKIIEPO3yBaH-
H4 1 (pibpoTH3allii B ypakeHUX OpraHax i TKaHuHax [8§, 9].

JloBenmeHi Mo3uTUBHI epeKTH (POTOHHOI Ta MAarHiTHOI
Teparlii JO3BOJWIN MOENHATHU Jil0 LUX ABOX (Pi3UUHUX
meroniB. IloenHana goromarnitHa tepamis (OMT),
nepeBaxHO MarHiTO-ja3epHa, BXe YCHIilIHO 3aCTOCO-
BYETbCSI MpPU JIiIKYBaHHI psily HEOHKOJOTIYHUX 3aXBO-
proBanb [10, 11].

Ha xanb, MOXJIMBOCTi BAKOPMCTAHHSI LIbOTO TTepCIieK-
TUBHOIO METONY s JiKyBaHHS Ta NpOodiTaKTUKHU
MiCLIeBUX MTPOMEHEBUX YIIKOIXKEHb LIKIpU 1lie HE BUB-
yanucs. Tomy MomiOHi MOCHiIKEeHHS MOXKHa BBaxKaTu
LJIKOM aKTyaJlbHUMM.

META

MeTta pobOTH — YIOCKOHAIUTU METOAU TPOdiTaKTUKU
Ta JIIKyBaHHS MiCLIEBUX IIPOMEHEBUX YIIKOIKEHb IIKipH
3a J0MOMOro1o (pOTOMarHiTHOI Teparii.

MATEPIAJIN 1 METOJIN
HocnimkeHHsT mpoBeaeHi Ha 60 mrypax-caMisix JiHii
Bicrap 3 macoro Tina 180—200 . ITpu MoaeatoBaHHi Mic-
LeBUX MpOMeHeBUX yITKOmKeHb (MITY) cTerHoBy mingH-
Ky IIPaBoi 3aIHbOI KiHLIiBKY LIYPiB MifAaBalIN JIOKAIBHO-
My PEHTTeHiBChbKOMY onpoMiHeHHIo y 1o3i 80,0 Ip.
YMOBHU OITPOMiHEHHS LypiB OyJIM Taki: JOKAJIBHE OIl-
POMiHEHHSI MPOBOAWIM Ha PEHTICHOTEPAIIeBTUIHOMY
amapati TUR-60, nHanpyra Ha Tpyoui U = 50 kB, aHox-
Huit ctpyM [ = 10 MA, dinstp 0,6 MM Al. Lle Binnosina-
Jo epektuBHii eHeprii 18,0 keB. Ha BuxinHOMy BikHi
amapary BIIPUTYJI pO3TaIlIOBYBaJIN Jiapparmy 3i CBUHIIIO
3 giametpoM oTBopy 10 MMm. Ha miacdparmy BcTaHOBITIO-
BaJli Kijblie 3 TMOJiMeTUJIMETaKpuiaTy 3 AiaMeTpoMm
BHYTPIiLIHbOrO OTBOPY 20 MM JJI1 YCYHEHHSI KpailoBUX
eeKTiB Ha IIKipi TBAPUHU, 110 OTIPOMIHIOETHCS.
[TinnocnigHi urypu 6yau po3nojiieHi Ha 2 rpynu:
1) koHTposbHa rpymna (30 TBApUH) — LIYyPHU 3 TOKATbHUM
PEHTIEeHiBCbKUM OMNPOMiHEHHSIM CTETHOBOI MISIHKU B
nmo3i 80,0 Ip ;

tiveness of laser therapy of LRI was shown in
cancer patients and in experiment [4, 5].
Effectiveness of modern physical method using
photodiode phototherapy devices for the pre-
vention and treatment of early radiation damage
to the skin was also established [6, 7].

In the meantime, such method as a magnetic
therapy is widely used now among contemporary
perspective physical methods. It is shown that in
cancer patients the use of magnetic therapy in the
postoperative period accelerates wound healing,
improves tissue microcirculation with the increas-
ing of blood flow to tissues, slows sclerosis and
fibrosis in affected organs and tissues [8, 9].

Positive effects of photonic and magnetic thera-
py were proved allowing to combine the effect of
these two physical methods. Combined photo-
magnetic therapy (PMT), mainly magnetic and
laser, has been used successfully in the treatment of
non-cancer disease [10, 11].

Unfortunately, the possibility to use this promis-
ing method for the treatment and prevention of
local radiation injuries of the skin have not been
studied yet. Therefore, such studies can be consid-
ered as quite relevant.

OBJECTIVE

To improve the methods of prevention and treat-
ment of local radiation injury to the skin using the
photo-magnetic therapy.

MATERIALS AND METHODS

Research conducted on 60 male Wistar rats with
180—200 g bodyweight. In the simulation of local
radiation injury (LRI) The femoral area right hind
limb of rats was locally exposed to X-ray irradia-
tion at a local dose of 80.0 Gy.

Terms of rat exposure were the following: local
irradiation was performed on X-unit TUR-60, the
voltage on the tube U = 50 kV, anode current | =
10 mA, filter 0.6 mm Al. This is consistent with an
efficient energy of 18.0 keV. The lead diaphragm
with a hole of 10 mm diameter was placed close at
the exit aperture of unit. The polymethyl-
methacrylat (PMMA) ring with an internal hole
diameter 20 mm was attached to eliminate the
edge effects on skin of irradiated animals.

The experimental rats were divided into 2
groups:

1) control group (30 animals) — rats with a local
X-ray irradiation at a dose of 80.0 Gy on hip area;
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2) nocaigHa rpymna (30 TBapuH) — ILIYyPU 3 JOKAJIbHUM OIl-
POMiHEHHSIM CTETHOBOI IIITHKM Ta JIiIKyBaHHSIM METOA0M
DOMT. ®oTomarHiTHy Aifo Ha OIMMPOMIHEHY JiISTHKY IIKipy
MpoBOAWIM ABOMa Kypcamu: 1 Kypc Ha 1—10-Ty, npyruit —
Ha 20—30-1y 100y micisl JOKaJIbHOIO ONPOMiHIOBAHHSI.
Hna ®MT BuxkopucTOoBYBaJiM (POTOMATHITHI MaTpHIIi
“bapBa-®nekc/Mar” (BUpOoOHULTBO XapKiB), sIKi CKJIa-
Jal0Thes 3 POTOAIONHOT MaTPUIIi TA MAarHiTHOI Hacanku. B
po0OOTi BUKOPUCTOBYBAJIM MaTpulli 3 (OTodioOgaMM Yep-
BoHOro (A = 660—630 HM) Ta cuHBOTO (A = 470—440 HM)
KOJIbOpY. MarHiTHa Hacajka € IIJJaCTUHOIO, SIKa MiCTUTb
24 XinbUeBUX MarHiTH 3 iHOYKIi€l0 ogHOro mardity 10
M Ti; BoHa Ma€e 24 KpyIiiMx OTBOPIB, SIKi CITiBIaAa0Th 3 24
¢otomiogaMu (POTOHHOI MATPULI.

JIikyBaHHSI TBapUH MOYMHAIN 3pa3y Iic/sl JIOKaJbHO-
ro OMPOMiHIOBaHHS i BOpoaoBXK 10-1eHHUX KypCiB Mpo-
Bomi ceaHcu @MT moneHHO 1o 20 XBUIMH KOKHUIA,
npy LbOMY Mepili 5 OHIB BUKOPUCTOBYBAJIM YEPBOHE
CBITJIO, a JaJli — CUHE CBITJIO.

Ycix TBapuH yTpUMYBaJIX B OJHAKOBMX CTaHAAPTHUX
yMoBax (ixa i Boma ad libitum). YMoBM yTpuMaHHS i
MOBOIXKEHHSI 3 TBapMHAMM BiIIIOBiZajlX BHMOIaM
“€BporrelicbKO1 KOHBEHIII1 IIPO 3aXMCT XpeOEeTHUX TBa-
PMH, SIKi BUKOPHUCTOBYIOTHCSI B €KCIIEPUMEHTAJIbHUX Ta
iHIIMX HaykoBMX uinsax” [12]. Yci npoueaypu nposo-
VI T1iJ HApKO30M, TaKOX ITil HApKO30M Ta 3 JOTPU-
MaHHSIM MpaBuUJI eBTaHa3il BUBOJUIU TBApUH 3 €KCIIe-
PUMEHTY, BillIOBiAHO A0 BUMOT [12] i METOAUYHUX pe-
KomeHpgauii [13].

Pesynbrati cnocrepexeHb 3a po3BUuTkoM MIIY Ta
cTaHoM TBapuH dikcyBanm Ha 3, 7, 14, 21, 30, 45-Ty Ta
60-Ty 100Yy. Y Ti XX CTPOKM ITPOBOIMIIN 3a0ip TKAHWUH JJIsT
MOPGOTOTIYHUX AOCITiIKEHb.

J11st MOpOJIOTIUHOTO JOCTIIKEHHS IIMAaTOYKN TKAHUH
(dixcyBamm y 10 % opmatiHi Ta Iiciisg LeJ0IIMHOBOI a00
napadiHOBOiI TPOBOIKMU TiCTOJIOTIYHI 3pi3u 3a0apBIIOBaIN
reMaTOKCHUJIiH-€03MHOM Ta 3a MeToaoM Ban-T'izoHa [14].

CratucTU4Hy 00pOOKY pe3yabTaTiB npoBoauau Ha [TK
3a goromoroio makeTta nporpam STATISTICA 3 Buko-
PUCTaHHSIM MMapaMeTPUYHUX Ta HemapaMeTpUYHUX Me-
ToAiB. [TopiBHSIHHS rpyn 3 Pi3HOIO YACTOTOI KAiHIYHUX
O3HAK MPOBOIWJIM 3 BUKOPUCTAHHSIM KpUTEpito y? (Xi-
kBazapart) [15]. AHaii3 agbTepHaTUBHUX O3HAK BUKOHY-
Banu 3a [15] 3 BUKOPUCTAHHSIM TOYHOTO KPUTEPilO
®imrepa. Po306ikHOCTI BBaXKaJIM CTaTUCTUYHO 3HAYYIIIH -
mu npu p < 0,05.

PE3VYJIBTATU TA IX OBGTOBOPEHHS

CnocTtepexeHHs 3a po3BuTkoM MITY nokazanu (Tabau-
1 1), 1110 y JJOKaJIbHO OIPOMiHEHMX IIYpiB BXXe Ha 3-10
OOy TIiCTIs OTIPOMIHEHHS 3’ IBJISIIINCS O3HAKM TPOMEHE -

2) experimental group (30 animals) — rats with local
radiation of hip area and PMT application. The
photo-magnetic effect on the skin at the irradiated
area was conducted in two courses: 1% at 1—10 day,
and the 2™ — at 20—30 days after local irradiation.
The photo-magnetic matrices “Barva-Flex/Mag”
(production Kharkiv), consisting of a photodiode
matrix and magnetic attachment were used for the
PMT. In this work we have used a matrix of red (A =
660—630 nm) and blue (A = 470—440 nm) color
photodiodes. Magnetic header is a plate containing
24 circular magnets with the induction of one mag-
net 10 mT; it has 24 round holes, which coincide
with the 24 photon matrix photodiodes.

Treatment of animals started immediately after
local irradiation and during the 10-day courses the
PMT daily sessions were applied by 20 minutes
each. In the first 5 days the red light was used, and
then — the blue light.

All animals were kept under the same standard
conditions (food and water ad libitum). Conditions
of detention and treatment of animals corrsponded
the requirements of “European Convention for the
protection of vertebrate animals used for experimen-
tal and other scientific purposes” [12]. All procedu-
res were applied under general anesthesia. Animals
were removed from experiment also under anesthe-
sia and following the euthanasia rules in accordance
with the requirements [12] and guidelines [13].

Observations on the development of LRI and the
state of animals were helf at 3™, 7", 14t 21, 30,
45" and 60" days. At the same time the tissue sam-
pling was conducted for the morphological study.

For morphological study the pieces of tissue were
fixed in 10% formalin and after paraffin posting the
histological sections were stained with hematoxylin-
eosinum and by the method of Van Gieson [14].

Statistical analysis of the results was performed
on a PC using the software package STATISTICA
using parametric and nonparametric methods.
Comparison of groups with varying frequency of
clinical signs was performed using the criterion
x2(chi-square) [15]. Analysis of alternative param-
eters was performed using the Fisher’s exact test
[15]. The difference was considered statistically
significant at P <0.05.

RESULTS AND DISCUSSION

Monitoring of LRI development showed that
signs of radiation damage in the form of erythema
(93 % of the rats), point hemorrhages (73 % of the
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BOT'O YIIKOKEHHST y BUTIsAI eputeMu (93 % 1nypiB),
TOYKOBUX KPOBOBWIMBIB (73 % I1ypiB), HAOPSIKIB LIKipU
Ta aynieHHs (63 % urypi). Yepes TvkneHb (7 mio) micist
OIPOMIHEHHS pO3BUBaBCY AepMaTuT (puc. 1), mpuuomy
Maiike y IOJIOBUHM 1IypiB (43 %) nepMaTuT OYB BOJIOTHIA
3 BUIUJICHHSIM eKcyaary, me y 17 % TBapuH y 1ieit TepMiH
crocTepiranucs nepiii 03HaKM BUHUKHEHHSI ITpOMEHe-
BUX BUpasokK. Yepes 2 TikHi (14 #i0) y OinbIIocTi TBApUH
(63 %) yTBOpIOBaNIMCS TIPOMEHEBI BUpa3Ku (puc. 2), yac-
TO 3 THIMHUM BUAIEHHSIM, BKPUTI IIIbHUMU Ta TOBCTH-
MU Kipkamu. Yepe3 3 TWKHI MpoMeHEBiI BUpa3Ku Oyimu
Bxe y 70 % tBapuH. Tinbku Ha 45-Ty no0y craBaiu
MOMITHMMU O3HAKU 3arOl0BaHHS, SIKe BiAOyBaslocs dyxKe
MJISIBO i TTOBiIbHO (puc. 3). IpaHysuiliHa TKaHWHA, 110
3’gBsIacs Ha Miclli Bupas3Ku Oyjia TOHKOIO, OJimolo,
HElJIbHOIO Ta Henpy»kHoto. [ToBHa emiTemizalis mpome-
HeBUX Ae(EKTiB LIKipH CIIocTepirajiacs B CepeaIHbOMY Ha
60—65-Ty 100y, TAKOXK Y IIi CTPOKU IMOCTYIIOBO BiIHOB-
JIIOBABCsI HETMTOBHOLIIHHUIA 1IEPCTHUM TTOKPUB.
3acTocyBaHHS (DOTOMATHITHUX MaTPUIb Ha 30HY OII-
POMIHEHHSI IIKip¥ 3HAYHO 3MEHIIYBAJO YacTiCTh PO3-
BUTKY MPOMEHEBUX peakliil Kipu y ILIYypiB, IPUCKO-
proBaJio iX 3aro€eHHsI, MOJETIIYBaJlo Mepedir paHOBOIO

Ta6nuusa 1

rats), swelling and peeling skin (63 % of the rats)
appeared at 3 day after irradiation in locally irra-
diated rats (Table 1). One week (7 d) after irradia-
tion a dermatitis developed (Fig. 1), and almost in
a half of the rats (43 %) the dermatitis was wet with
exudation, even in 17% of animals in this period
there were the first signs of the emergence of radi-
ation ulcers. After 2 weeks (14 d) the radiation
ulcers eppeared in most animals (63 %) (Fig. 2),
often with purulent compartment covered with
dense and thick crusts. After 3 weeks there were
radiation ulcers already in 70% of the animals.
Only on the day 45 the signs of healing became vis-
ible, which was very sluggish and slow (Fig. 3).
Granulation tissue, which appeared at the place of
ulcer was thin, pale, loose and not elastic. Com-
plete epithelialization of radiation skin defects was
observed on average at days 60—65, as those terms
the animal hair restored gradually.

Application photo-magnetic matrices on the
area of skin exposure significantly reduced the fre-
quency of development of radiation skin reactions
in rats, accelerated their healing, facilitated the

Bnnue cotomarHiTHoi Tepanii Ha nepe6ir MY y ekcnepumeHTaNbHUX TBAPUH NPU NIOKANIbHOMY ONPOMiHEHHi

y no3i 80,0 Ip
Table 1

Effect of photo-magnetic therapy on LRI pattern in experimental animals after local 80 Gy irradiation

lpyna OsHaka MY TepmiH nicns onpomiHioBaHHS, A, / time upon exposure (d)

Group LRI sign 3 7 14 21 30 45 60

S o | YactorallB, % 0 170+70 63,0+90 700£90 630%9,0 10,0 +6,0 0

o | RU incidence (%)

8 =

o = | Mnowa MNY, MM 0 169,0 £28,9 2650+ 11,7 300,0+32,5 196,0 + 25,7 0 0

= >

® o © | LRD square (mm)

=32

§ L = BipnaneHi Hacnigkm / remote sequelae:

g g | > uactora opmyBaHHs pyouis, % - - - - - 630+90 43,0+9,0

g s scarring incodence (%)

E S | > BigHOBNeHHs WEPCTHOMO nokpusy, %  — - - — 30+2,0 3,0+3,0 7.0£50

s © hair recovery (%)
o | YactotalB, % 0 0 33,0£9,00 30,0+9,0* 10,0+£6,0* 0 0

o L | RUincidence (%)

S E- Mnowa MY, Mm 0 120,1 £212 122,7+£9,2* 493 +11,7* 26,2 + 17,4* 0 0

S8 | LRDs

o® quare (mm)

=10 =

© = = | Bingasei Hacrigku:

s % g Remote sequelae:

€ © £ | > yactota (opMmyBaHHa PYOLB, % - - - - - 10,0 £ 6,0+ 13,0 £6,0*

= =] L

5 =3 scarring incodence (%)

= § > BI[IHOBJIEHHS LLIEPCTHOrO MokpuBy, % - - 3,0+3,0 70+£50 23,0+80* 50,0+9,0* 60,0+09,0*
& hair recovery (%)

Mpumitku. JO — nokansHe onpoMiHeHHs:; MB — npomeHeBa BUpa3ka; * — BiAMIHHOCTI BIPOTifHi BITHOCHO MOKA3HMKIB KOHTPOMBHOI rpymnu.
Notes. LI — local irradiation, RU — radiation ulcers, * — statistically reliable differences vs. the control group.
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PucyHok 1. MY wkipu wypa Ha 7-my aoby nicna pagiauinHoro snausy.
03HaKn BONOroro AepMaTuTy B 30Hi IOKANbHOTO ONPOMiHEHHS.

Figure 1. LRI of the rat skin at 7t" days upon radiation impact.
Signs of moist dermatitis in the zone of local irradiation.

PucyHoK 2. MY wkipu wypa Ha 14-1y poby nicna pagiauiiHoro Bnausy.
MokHy4a Kipka 3 Cepo3HUM BUAINEHHAM B 30Hi IOKabHOTO ONPOMiHEHHS.

Figure 2. LRI of the rat skin at 14t day upon radiation impact.
Weeping scab with serous discharge in the area of local irradiation.

npouecy (ouB. Tabnumio). Tak, y TBapmH, dikoBaHux  progress of wound healing. Thus, in animals treat-
®OMT, y nepuii 3 noou epuremu BuHukanu uiie y 23 %  ed with PMT the erythema occurred in the first 3
mypiB ipotn 93 % B KoHTpoi (p < 0,05), kpopoBmmBu  days only in 23% of rats versus 93% in controls (p <
Ta JIyLIEHHS 1Kipu TakoxX dikcyBanu y BiporinHo MeH-  0.05), bleeding and peeling skin were recorded in
woi Kinbkocti TBapuH (y 13 ta 40 % BigmosinHo). ¥  significantly fewer animals (13 and 40%, respec-
mypiB 3 ®MT 30BciM He po3BUBaBcs Bosioruit nepma-  tively). In rats with PMT the moist dermatitis was
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PucyHoOK 3. Burnag wkipu wypa Ha 60-Ty ao6y nicna paaiauiitHoro Bnnamsy.

Mi3Hi py6ueBsi 3MiHU B 30Hi IOKANbHOrO ONPOMiHEHHS.

Figure 3. Rat skin appearance at 60t day upon radiation impact.

Late scarring in the zone of local irradiation.

PUCYHOK 4. Burnap wkipu wypa Ha 60-1y go6by nicna pagiayiitHoro Bnauey npu 3actocyBaHHi ®MT.

Figure 4. Rat skin appearance at 60t day upon radiation impact in case of FMT application.

TUT, @ YaCTiCTh PO3BUTKY CYXOIo IepMaTUTy Oyja 3Hau-
Ho MeHIow. Ha 14-1y no0Oy criocTepekeHHs JIMIIe y
33 % TBapuH Li€l rpynu QikcyBaad BUHUKHEHHS IIPO-
MEHEeBUMX BHUPA30K, TOi SIK Y HEJIiKOBaHUX IpyIrax Ipo-
MEHEBI BUpa3Ku po3BUBajucd y 63 % MmiamocaiZHux
tBapuH (p < 0,05).

PerenepaTtopna daza y mrypi 3 @®MT nounHamacs Bxe
Ha 21-11y mo0Oy, ToAi K Y KOHTPOJBHIl TpyITi JIUIIIe 10

not developed at all, and frequency of develop-
ment of dry dermatitis was significantly lower.
After 14 days of observation the occurrence of
radiation ulcers was only in 33% of the animals in
this group, while in untreated rats the radiation
ulcers developed in 63% of cases (p < 0.05).
Regeneration phase in rats with PMT began
already at 21% day, whereas in the control group the
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45-1 106U pO3BUBAIMCH Bi3yaJIbHO MMOMITHI O3HAKU pere-
Hepalii. ToOTo, nepeBakaHHSI pereHepaTOpHUX Mpolie-
CiB HaJ 3alajJibHUMM B JIiKOBaHiil rpymni MOYMHAIOCs
npubAM3HO Ha 3 TWKHI paHimre. HanpukiHii nepiioro
MicsILISl TOCTiIKEeHb Y JTIKOBaHii rpyIli MOBEpXHS poMe-
HEeBOI BMpa3KM IOBHICTIO OYMIYBajacs, 3’SBISIBCS
eniTeyiaJbHUNA TTOKPUB.

IToBHe 3aro€eHHs paHu 3 TTOBHOLIIHHOIO eITiTesi3alli-
€10 Big3Havajocs Ha 2 THXKHI paHillle, HiXX y KOHTPOJIi
(puc. 4), npuYOMy 4YaCTiCTh O3HAK BilgaleHMX HaCJi-
KiB OIIpOMiHEeHHS WIKipy (pyOlli, TiASTHKY TillepIrirMeH-
Tallii, CTOHILIEHHS IIKipH, JIeTKe JIYIIEHHS ) 3HUKaIacs y
JeKinbKka pasiB. Lle 3HUKeHHS y AeKilbKa pa3iB MaKpoC-
KOIMIYHMX O3HAaK PO3BUTKY BimmajleHNMX IPOMEHEBMX
VIIKOMXEHb IIKipA MOXHA BBaXKaTH OTHUM 3 BaXKJIMBUX
no3uTuBHUX epexTiB ®MT.

Takum uymHOM, 3actocyBaHHs POMT cropustiio 3MeH-
LLIEHHIO KiJIbKOCTi MPpOMEHEeBUX Ae(PEKTiB LIKipU Y MiAA0C-
JIITHUX TBapuH, CKOPOUEHHIO TEPMiHIB iX 3aroloBaHHSI,
MOJIETIIEHHIO Mepebiry THX MPOMEHEBUX BUPA30K, SIKi Bce
K BUHUKaIM. KIiiHiYHI croctepexkeHHsS 3a Iepedirom
MITY paroth miacTaBy BBaxaTH, 110 (pOTOMArHiTHa Tepa-
TIisT CTIpaBIIsIa 3HAYHY JTiKyBaJIbHY Ta TPOMIIaKTUIHY Iif0
Ha TIaTOJIOTIUHi MPOLIECH B ONPOMiHEHIH IIKipi.

Lle mpunyieHHs1 OyJ0 MiATBEPIKEHO JAHUMM TiCTO-
JIOTIYHOTO AOCiAXKEHHS.

VY 11ypiB KOHTPOJILHOI IPYyNU MiKpPOCKOITiYHi 3MiHU B
IIKipHUX OionTaTax BUSBISJIUCS BXKe 4yepe3 mo0y Iiciis
OINPOMIHEHHS Y BUIJISIAI Pi3KOTrO MOBHOKPIB’S CyIUH i
craszy. Ha 3-10 100y nmoymHanaocsl CTOHIIYBaHHS i JeCT-
pykuig eminepmicy. o 14-i mobu criocTepeskeHHS TOB-
HicTIO (opmyBajacs IIKipHA MpoMeHeBa BHUpa3Ka,
BKpUTa Ha IMOBEPXHi THiAHO-HEKPOTUYHOI CKOPHUH-
koro. Ilkipa Oyjsa MOBHICTIO Mo30aBjieHa MPUIATKIB.
ITign HEeXpOTUYHOIO CKOPUHKOIO Y TBApPUH BUSIBIISIBCS
HEKpOo3 IePMU, TilMOJepMHU i M’I30BO1 TKAHWHU.

YV BorHmii HeKpo3y BUSIBIISUIM 3allaJibHUMA iHGhITBTpaT
3 [IOMipHOI0 JIeKOLUTapHO1O iMOibilli€l0 ocepeaKy ypa-
KeHHs1. [Topsig 3 HEKPOTUUHOK AiISTHKOIO B I€pMi i Ti-
MoJepMi CIIoCTepirayimcs ocepeaku HaOoPsIKY i TiMoi-
Hoi iH¢inbTpauii. Ha miciii 3arn6/oi M’s130B01 TKAHUHU
3’IBJIsIacsI HOBOYTBOpPEHA CITOJIyYHa TKaHMHA, KoJjare-
HOBi BOJIOKHA $IKOi OyJiM Ae30praHi3oBaHi Ta BTpadaiu
GiOpUISIpHY CTPYKTYDY.

Ho 30-i mobu Ha 1IKipi Bce 11e 30epiraacs mpoMeHeBa
BUpa3Ka, aje 11 po3Mipu BxKe CKOPOUYYBAIKCS 3a PAXyHOK
KpaitoBoi enitenizaiii. Ha Micui 3aru0/10i TKAaHWHMU aep-
MU MMOocuJIIoBanacs (idopodnacTuuHa peaxiis (puc. 5).

Ha 60-1 1o6u micist TOKaJbHOrO ONPOMiHEHHSI BUpa3-
KOBa ITIOBEpXHS Ha IIKipi IMOBHICTIO emiTelli3yBajiach
(puc. 6). OnHak, B OPOMiHEHIM AUTSHLI IIKipY BUSIBIISI-

visually noticeable signs of regeneration evolved at
only 45" day. That is, the prevalence of regenera-
tive processes over inflammation in the treated
group started about 3 weeks earlier. At the end of
the first month of research in the treated group the
surface of radiation ulcers was cleaning complete-
ly with appearing epithelial cover.

Complete wound healing with complete epithe-
lialization was observed 2 weeks earlier than in con-
trol (Fig. 4), and frequency of signs of long-term
effects of exposure of the skin (scars, areas of
hyperpigmentation, thinning skin, easy peeling)
decreased in several times. This reduction in the
number of times of macroscopic features of remote
radiation injury to the skin can be considered one
of the important positive effects PMT.

Thus, the application of PMT promoted the
reduced number of radiation defects in the skin of
experimental animals, reduced duration of their
healing, ameliorated the course of radiation ulcers
if any still appeared. Clinical observation of LRI
suggest that the photo-magnetic therapy had made
a significant therapeutic and preventive effect on
pathological processes in irradiated skin.

This assumption was confirmed by histological
examination.

Microscopic changes in skin biopsies were
detected in rats of the control group in one day
after irradiation as sharp plethora and vascular sta-
sis. On the 3" day the thinning and destruction of
the epidermis started. By 14" day of observation
the fully formed rdiation skin ulcer was formed
being covered by purulent-necrotic crust on the
surface. The skin was completely devoid of
appendages. There was a necrosis of dermis, hypo-
dermis and muscle tissue under the necrotic crust.

The inflammatory infiltrate with moderate
leukocyte imbibition of lesion focus was revealed in
the area of necrosis. Foci of edema and lymphoid
infiltration were observed along with the necrotic
area in the dermis and hypodermis. A newly
formed connective tissue with collagen fibers being
disorganized with a lost fibrillary structure
appeared in the place of necrotic muscle tissue.

By 30" day the radiation ulcer still remained, but
its dimensions were reduced by the boundary of
epithelialization. In a place of the dead dermis tis-
sue the fibroblastic reaction intensified (Fig. 5).

Sixty days after local radiation the ulcer surface
on the skin had completely epithelializated (Fig. 6).
However, only the isolated hair follicles and seba-

465 &



EKCINMEPUMEHTAJIbHI

ﬂocn IA)K E H H ﬂ ISSN 2304-8336. Ipobnemu pagiauiitHol Mequumky 1a pagiobionorii = Problems of radiation medicine and radiobiology. 2014. Bun. 19.

PucyHoK 5. Lkipa wypa KOHTponbHOi rpynu Ha 21-wy ao6y.
BorHuue nisucy konareHy y cocoukoomy wapi gepmu. LUIK-peakuis, x400.

Figure 5. Rat skin in the control group of animals at 215t day.
Area of lysis of collagen in the papillary layer of the derma. PAS, x400.

PucyHok 6. LKipa wypa KOHTponbHOi rpynu Ha 60-Ty fo6y.

Y BCix wapax wWkipu i rinogepmi BUpPaXeHi CKNEPOTUYHI 3MiHM 3 PO3MUTMMM LIMPOKUMM, FTOMOTEHi30BaHUMU KONAreHOBMMU BONOKHAMMK.
3abapBeHHs reMaToKCuaiH-e03nHoM, x320.

Figure 6. Rat skin in the control group of animals at 60th day.
Pronounced sclerotic changes with diffuse broad homogenized collagen fibers in all layers of the skin and hypoderm. Staining with hema-
toxylin-eosin, x320.

JINCST TUIBKKM TOOMMHOKI BOJIOCSHI (oiKyau i cambHi  ceous glands were revealed in the irradiated skin
3aj1031. Y MOBEpXHEBUX IIapax JAepMM KojlareHOBi Bo-  area. In the superficial layers of dermis the colla-
JIOKHA OyJIM YILiJIbHEHi, YaCTKOBO J1€30Pi€EHTOBAHI. gen fibers were sealed, partially disoriented.

YV TBapMH OOCIiIHOI TPYNH, SIKi OTPUMYBAJIX JIIKyBaH- In the experimental group of animals treated with
Hs1 ®MT, kaptuHa Oyia iHma (puc. 4). Y nepmmii Tik-  PMT the picture was different (Fig. 4). In the first
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PucyHoK 7. Wkipa wypa 3 rpynu ®MT Ha 21-wy ao6y.

AKTMBHa (i6po6nacTuyHa peaklis y HOBOCTBOPEHi MOMOAiK cnonyuHiii TkaHuHW. KonareHoBi BONOKHAa HEBeNMKOT TOBLMHM, 3'ABUNACA
ny4yKoBa CNPAMOBaHicTb 1 hibpunsipHa cTpykTypa. OnacucTi kniTHU 6e3 rpaHynALii, HeuncNeHHT 3 HeBENNKOIO KinbkicTio rpaHyn. 3abapeieHHs

remMaToKcuniH-eo3nHom, x320.

Figure 7. Rat skin of animal from group of PMT application at 215t day.
Active fibroblastic reaction in neoformed young connective tissue. Collagen fibers of small thickness, fascicular focus and fibrillar structure
appeared. Mast cells without granulation, a few with little granules. Staining with hematoxylin-eosin, x320.

JIeHb 3MiHU B OiISTHLII OMPOMiHEHIN Kipu Oyau Maiixe
aHAJIOTIYHI TAKMM B KOHTPOJIBHIM I'pymi. Ajle Bxe Ha 7-
MY J00Y MicJIst JOKaJIbHOTO OIpoMiHeHHs Kipu i @MT
TMOPSIA 3 PO3BUTKOM aJIbTepPaTUBHUX MPOIIECIB Y BCiX I1a-
pax ONMpOMiHEHOI OUTSIHKY IIKipy BUSIBJISLIM O3HAKU pe-
napaTUBHUX MPOLIECIB y CIIOJy4YHilA TKaHUHi. Xo4ya 10
14-i 1obu 111e TPOAOBXYBAaBCS PO3BUTOK JIECTPYKTUB-
HUX, aX 10 HEKPOTMYHUX ITPOLIECiB, B TJIMOMHI M'SIKMX
TKaHWH, 0COOJIMBO B M'SI30Biil TKAHWHI, HEKPOTUYHI Ma-
CH TIPaKTUYHO YTUJIi3YBaJliCsI, 32 BUHSTKOM OKPEMUX
JIJISTHOK, 30iIbIIyBaiacs KiIbKiCTh KaIliJISIPiB Y AepMi.

VY HactynHi TepmiHnu (21 po6a) BigOyBajacs ak-
THMBi3allisl pernapaTUBHUX MPOLECiB, HAUOLIBII BUpaxKe-
Ha B IMTMOOKMX IIapax AEPMHU i B 4aCTIli M'I30BOI TKaHM-
HU, TIPO 110 CBiTYMJIO 30i/IbIIIEHHS KiJIbKOCTI KaTIiJIsSIpiB i
¢i6pobaacTiB 3 popMyBaHHAM rpaHy/IsSILiAHOT TKAHUHU
(puc. 7). V¥ BigmaneHi TepMminu cnoctepexkeHHs (30—60
Ii0) y TIKOBaHUX IpyIIax CIOCTEPiraancs BUpaxKeHi mpo-
1IeCH pereHepallii TKAaHUH.

Ha 60-ty moGy micist JOKaJbHOrO ONPOMiHEHHS i
OMT y nikoBaHUX TBapuH (iKCyBaju MOBHY eITiTeli3a-
{10 IPOMEHEBOI BUPa3KU, TIpU LIbOMY Y MiAJIeranX TKa-
HUHaX peecTpyBajlacsl Maiixke 3aBepllieHa OpraHizallis
TpaBMOBAHOI M’130BOi TKAHUHMU (puUc. 8).

TakuMm 4MHOM, TTPOBEACHE JOCiIKEHHS TT0Ka3aso, 1110
¢oTOMarHiTHa Tepartisl CIipaBIisiiia 3HAYHWI TTO3UTUBHUIA

week the changes in area of irradiated skin were
almost similar to such in the control group. But at
7™ day after local irradiation of the skin and PMT
the signs of reparative processes in the connective
tissue along with the development of alternative
processes were revealed in all layers of the irradiat-
ed skin. Despite destructive even to necrotic
processes in the deep soft tissues, especially muscle
tissue up th 14" day the necrotic masses had been
almost resorbed, except for some areas, with an
increased number of capillaries in the dermis.

In subsequent periods (21 day) there was an acti-
vation of reparative processes being most pronoun-
ced in deep layers of the dermis and in the propor-
tion of muscle tissue, as evidenced by an increase in
the number of capillaries and fibroblasts with the
formation of granulation tissue (Fig. 7). In the long
term follow-up (30—60 days) the pronounced regen-
eration of tissues was observed in the treated groups.

Sixty days after local irradiation and PMT a
complete epithelialization of radiation ulcers was
registered in treated animals. At that there was
almost finished organization of injured muscle tis-
sue in the underlying tissues (Fig. 8).

Thus, studies have shown that photo-magnetic
therapy provided a significant positive treatment
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PucyHoK 8. Wkipa wypa 3 rpynu ®MT Ha 60-Ty aoby.

[lepma npefcTaBneHa [O3piBalyoio MONOAOI0 CMOMYYHOI TKAHUHOK 3 HOPMANbHOK KiNbKIiCTIO KNITUHHUX €NeMeHTiB i HOPMAaNbHOIKD CTPYKTYPOID
KonareHoBUX BOJIOKOH. Y rinogepmi o3Haku ¢iGpo3y Ta 3ananeHHs BiacyTHi. 3abGapBneHHs remaToKCcUNiH-eo3MHOM. 3abapBieHHA rema-

TOKCUNiH-e03UHOM, X320.

Figure 8. Rat skin of animal from group of PMT application at 60th day.
Dermis is represented with maturing young connective tissue with normal amount of cellular elements and the normal structure of collagen
fibers. No signs of fibrosis and inflammation in hypoderma. Staining with hematoxylin-eosin, x320.

JIIKyBaJbHUI e(eKT — 3MeHIIyBajla YacTiCTb PO3BUTKY
TSDKKMX ITPOMEHEBHUX YIIKOMKEHb IIKipH (IIPOMEHEBUX
BHPA30K), 3HWXKYBaJIa CTYIiHb YIIKOIKEHHS BCiX IIapiB
LIKipH, BiJHOBJIOBAJa CTPYKTYpPY EIiJepMicy Ta JAEepPMM,
CKOpOYYBaJjia Ha 3 TWXKHI 3arOI0OBaHHS IIPOMEHEBOTO YIII-
KOJI)KEHHSI 1IKipu, 3MEHINyBaja CTYIiHb 3adajJbHMUX i
JeCTPYKTUBHUX MPOLECIB B AePMi, CIIpUsIa BiTHOBIEH-
HIO KiTBKOCTI Ta CTPYKTYPU CYAMH 3 ITOKpaIleHHSIM
MIKpOLMPKYJISILii, 3a0e3neuyBajia yTBOpeHHsI (PiOpoo-
JIACTIB i CUHTE3 MOBHOLIIHHUX KOJAareHOBUX BOJIOKOH.

BUCHOBKHA

1. BcTaHOB/IeHO, IO JIOKAJbHE PEHTIEHIBChKE OIPOMi-
HEHHSI CTETHOBOI TiISTHKY IIKipYW IIYpiB BIPOJOBXK 2—3
TWXKHIB MPU3BOAUTL 0 PO3BUTKY ILIKipHOI MPOMEHEBOL
BUpa3Ky y OiTBIIOCTI 1IYpiB 3 pyiHYBaHHSM emigepmicy
Ta IIKipHUX MPUIATKIB, CTIMKMMM OCepeaKaMy 3anajacH-
HS Ta HeKpo3y B ycix mapax mKipu. CITOHTaHHE 3arolo-
BaHHS IIPOMEHEBOI BUPa3KU TPUBAE HE MEHIIIE TBOX Mi-
CSLIB Ta HE MPU3BOAUTH 10 (DOPMYBAHHST TTOBHOLIIHHOTO
IIKipHOTO Ta IIEPCTHOTO ITOKPUBY Y OIPOMiHEHUX IITyPiB.
2. ®oromarHiTHa Teparnist crpasisi€ 3HaYHU MO3UTHUB-
HUM JIIKyBaJIbHUH e(PeKT 32 paxyHOK 3HAUYHOI'O 3HMXKEH-
HS 3aMaJIbHUX i JECTPYKTUBHUX MPOIIECIB B YCiX IIapax
IIKipY, CTUMYJIOE BiTHOBIICHHSI KPOBOIIOCTAYaHHS B
VIIKOMXKEHI TKaHWHI, Tpomidepariito ¢diopodmacTiB i

effect — reduced the frequency of severe radiation
injuries of the skin (radiation ulcers), reduced the
extent of damage to all layers of the skin, restored the
structure of the epidermis and dermis, reduced for 3
weeks the time of healing of skin radiation injury,
reduced the degree of inflammatory and destructive
processes in the dermis, helped to restore the num-
ber and structure of blood vessels with microcircula-
tion improvement, provided the formation of fibrob-
lasts and synthesis of native collagen fibers.

CONCLUSIONS

1. It was established that the local X-irradiation of
rat femoral skin leads within 2—3 weeks to the
development of skin radiation ulcers in the most of
animals with destruction of the epidermis and
cutaneous appendages, steady inflammation and
necrosis in all layers of the skin. Spontaneous heal-
ing of radiation ulcer lasts at least for two months
and does not form a wholesome skin and hair in
irradiated rats.

2. The photo-magnetic therapy produces signifi-
cant positive treatment effect by significantly
reducing the inflammatory and destructive
processes in all layers of the skin, stimulating the
blood flow recovery in the damaged tissue, fibrob-
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aKTHBAllil0 CUHTE3y MOBHOLIHHUX KOJIATEHOBUX BOJIO-
KOH Ta iHIIWX CKJIaJOBUX CITOJYYHOI TKAHWUHU, 3aBISIKU
YOMY 3HAYHO IIPHUCKOPIOETHCST 3arOI0BaHHSI IIPOMEHEBO-
ro JedeKTy, Mpo 110 CBITUUTH SIK MaKPOCKOITiUHA, TaK i
MiKpOCKOITiYHa KapTUHA OMTPOMiHEHOI TIITHKHY IIKipH.
3. Ha miacraBi oTpuMaHUX €KCIEPUMEHTAIbHUX JaHUX
MoxkHa BBaxaTH, mo ®MT € KOpUCHUM METOIOM CYIT-
POBOIY TIPOMEHEBOI Tepaltii AJIs1 TPOMiTaKTUKU Ta JIiKy-
BaHHSI MiCIICBMX IIPOMEHEBUX YIIKOIKEHb IIKIpH y OH-
KOJIOTIYHMX XBOPUX.
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last proliferation and synthesis activation of native
collagen fibers and other components of connec-
tive tissue, thus greatly accelerates healing of radi-
ation defect. It is evident from macroscopic and
microscopic picture of the irradiated skin.

3. Based on these experimental data, we can
assume that PMT is a useful method of support in
radiation therapy for the prevention and treatment
of local radiation injury to the skin in cancer
patients.
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