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PAJITALIIMTHO-IHAYKOBAHI 3MIHU
Y CIIOJIYYHHOTKAHNHHOMY MATPUKCI OPTAHIB ILI1YPIB
3A YMOB 3ATAJIBHOT'O PEHTTEHIBCBKOI'O OITPOMIHEHHA

Meta. BuBunTM xapakTep pagialinHo-iHAyKOBaHMX 3MiH Y CMONYYHOTKAHUMHHOMY MATPUKCi OpPraHiB WypiB 3a yMOB 0fi-
HOPA30BOr0 3arajbHOro 30BHiLIHLOTO PEHTTEHIBCbKOTO ONPOMiHEHHSA Y MiHIMaNbHO NIeTaNbHiii Ta cybneTanbHii fo3ax.
Marepianu i metogu. locnign nposognnun Ha 6inux wypax-camusx macoto 160—-180 r, AkUx NigaaBanyu BNAUBY PeHT-
reHiBCcbKOro BunpominioBaHHsa y ao3sax JI15/30 i J1l60/30 Ha yctaHoBui PYM-17 3a cTaHAapTHUX TEXHIYHUX YMOB.
OuiHKy CnoNy4HOTKAHWHHOTO MAaTPMKCY NPOBOAMM 33 CYMAPHOIO KiNbKicTio KonareHy, po3unHHoro (PK) i Hepo3umH-
Horo (HK) konareHy, WBMAKICTIO pyWHYBaHHA KonareHy 3a BiflbHUM TifpOKCMMNPONIHOM, KONAreHoMiTUYHOK aK-
tusHicTio (KJ1A), inguBigyansHumu rikosaminornikauis (TAT). locnign npososunu Ha 3, 7 i 14-1y Ta 30, 90 i 180-Ty
£00y. BiKoBUI KOHTPONb BUKOPUCTOBYBANM HA KOXEH TepMiH focnifis. CTaTucTMyHy 06poOKy AaHMX MPOBOAWAM 33
BMKOPUCTAHHAM KpuTepito BinkokcoHa-MaHHa-YiTHi Ta t-kputepito CTblogeHTa 3a gonomorolo naketa Biostatistics
v.4.03 pns Windows.
Pesynbratu. BcraHoBneHi 3miHu KonareHy (3—7-a fo6a) xapaktepusyBanucs nopyleHHam cniseigHoweHHs PK i HK,
MPUCKOPEHHAM po3nagy KonareHy 3a BilbHUM FigpoOKCMNpoNiHoM y nereHsax — B 1,7 pa3a, Wwkipi — B 1,2 pa3a, 3pocTaH-
HAM MmeTano3anexHoi KJ1A y nerensx — B 2,0 pa3u i1 meTanoHe3anexHoi KJIA y wkipi — B 2,2 pa3a, 36inbleHHaM riany-
POHOBOT KUCNOTK y NereHsx — B 1,7 pasa, Wkipi — B 1,5 pa3a. Y BignaneHomy nepiogi (180-a fo6a) Bu3Ha4yanm 3poc-
TaHHA CyMapHOT KifbKOCTi KonareHy 3 nepeBaxaHHaM HK y nereHsx — B 1,4 pa3a, y Wkipi — B 1,3 pa3a. Y ueit nepiog
3MiHM iHAMBigyanbHux TAT xapakTepusyBanucs y nereHsx — 36inblweHHaM xoHApoiTUHCYnbdaty A i C B 1,7 pa3sa, y
WKipi — pepmataHcynbdaty B 1,6 pasa Ta B 060x opraHax — renapaHcynbdary B 1,7 pasa.
BucHoBKku. BctaHoBneHi pagialinHo-iHAYKOBaHi 3MiHM y CMOAYYHOTKAHMHHOMY MAaTPUKCi OpraHiB LiypiB 3a CBOEID
CNPSAMOBAHICTIO He 3aNeXanu Bif, 031 PEHTIeHIBCbKOrO BUMPOMiHIOBAHHS, HOCUAW opraHocneundiyHNi xapakTep Ta
BM3HAYANNCA YACOM MiCNA ONPOMiHEHHS.
Knio4oBi cnoBa: peHTreHiBCbKe BUNPOMiHIOBAHHS, IEreHi, WKipa, CNOAYYHOTKAHUHHWUI MaTPUKC, LypHU.
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Radiation,induced changes in connective tissue matrix of rat organs at total
body X-ray exposure

Objective. To study the nature of radiation-induced changes in the connective tissue matrix of rats under single
total body X-ray exposure in minimal lethal and sublethal doses.

Materials and methods. Experiments conducted on white male rats weighing 160—180 g, which were exposed to the
influence of X-radiation doses LD15/30 and LDeo/30 at the installation RUM-17 in standard specifications.
Assessment of connective tissue matrix was performed by the total content of collagen, soluble (SC) and insoluble
(ISC) collagen, collagen destruction rate by free hydroxyproline, collagenlytic activity (CLA), individual gly-
cosaminoglycans (GAG). Experiments were performed on days 3, 7 and 14 and 30", 90" and 180" days. The age con-
trol was used to each term of experiments. Statistical analysis of data was performed using Wilcoxon-Mann-Whitney
criterion and Student's t-test using packet Biostatistics v.4.03 for Windows.
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Results. The changes of collagen (3—7 days) were characterized by violation of ratio SC and ISC, accelerated disin-
tegration of collagen by free hydroxyproline in the lungs — 1.7 times, the skin — 1.2 times, rising of metal-depend-
ing CLA in the lungs — 2.0 times and metal-independing CLA in the skin — 2.2 times, an increase of hyaluronic acid
in the lungs — 1.7 times, in the skin — 1.5 times. At the late period (180 days) an increase of the total content of
collagen was determined with a 1.4 times predominance of IC in the lungs and 1.3 times in the skin. During this
period changes of individual GAG were characterized by — 1.7 times increase of chondroitin sulfate A and C in the
lungs, 1.6 times dermatan sulfate in the skin and 1.7 times heparan sulfate in both organs.
Conclusion. Revealed radiation-induced changes in the connective tissue matrix of rats in their direction were not
dependent on the dose of X-rays, were organ-specific and determined by time after exposure.
Key words: external X-ray irradiation, lung, skin, connective tissue matrix, rats.

Problems of radiation medicine and radiobiology. 2014;19:471-481.

YMOBHi CKOpOYEHHS

CKK — cymapHa KinbkicTb Komarexy

PK — posumnHHuin konareH

HK — Hepo3unHHWii konareH

A" — rniko3amiHOrMikaHm

clAl" — cynbdaToBaHi rniko3amiHornikaHm
KJA — konareHoniTMyHa akTUBHICTb

'YK — rianypoHosa kucnota

XCac — xongpoituHcynsdar Ai C

XCg — xoHgpoiTuHcynbdar B (aepmaraHcynbdar)
IMC — renapaHcynbdar

Abbreviations

TAC — total amount of collagen

SC — soluble collagen

ISC — insoluble collagen

GAG - total glycosaminoglycans

SGAG — sulphated glycosaminoglycans
CLA — collagenolytic activity

HUA — hyaluronic acid

CSac — chondroitin sulphate A and C
CSg — chondroitin sulphate B (dermatansulphate)
HPS — heparansulphate

BCTYII
Ha 11eit yac He BUKJIMKA€E CyMHiBY 3HaUHa pOJib CIOJYY-
HOI TKAHWHU B ajanTalil opraHiamMy 10 3MiH Yy HaBKO-
JIMILIHBOMY CEpeIOoBUIL, 30KpeMa, 10 il pagialiliHOro
(hakTopy. 3rimHO 10 CyYyacHUX ysBJIEHb, OCHOBHI KOMIIO-
HEHTH CIIOJyYHOTKAHUHHOTO MAaTPUKCY (OPMYIOTh
MIKpPOOTOUYEHHSI KJIITUH Oyab SKOTo Tumy, Oe3mnoce-
peaHbO OepyTh YYacTh y Ipoliecax MOppOreHesy, IUTO-
JudepeHIitoBaHHi, pyXy KJIiTUH, a TAKOX 3a0e3I1eUyIOTh
MexXaHiuHy MillHicTb ycix opraHis [1]. Bimzomo, 1110 3MiHuK
Y CKJIAMi CIIOIYIHOI TKAaHWHM CYIIPOBOMIXKYIOTh Majlo He
KOXEeH TIaToJIOTiyHui mpouec [2—4]. B3aemomist 6iormo-
JIiMEpPiB CMOJYYHOTKAHMHHOIO MaTPUKCY 3 ITOBEpXHe-
BUMU pelieNTOPaMHU Yy KIJIiITUHi 3MiHIOE MEMOpaHHUI TT0-
TEHIIiaJl Ta 3a MM OIIOCEePEIKOBAHO BILIMBAE Ha CIIPSI-
MOBAaHICTh METa0OJIIYHUX MPOLIECIB y KJITHUHI 5, 6].
HesBaxarouu Ha 11e, TIpo pafialiiiHi 3MiHM KOMIIOHEHTIB
CITOJTyYHOTKAHMHHOTO MATPUKCY TTOBiTOMJISIETHCS JIMIIIE B
OKpPEeMUX TIPaLsiX, B OCHOBHOMY IIPHCBSIYEHNX BIUIMBY i0-
Hi3yI0UOro BUITPOMIiHIOBAHHS y paaioTeparneBTUYHUX J10-
3ax [7—10]. IlpakTUyHO BiICYTHi AaHi 1IOJO il peHTre-
HiBCHKOT'O BUTTPOMiHIOBaHHS Y 3HAUHUX J03aX, ajie JOCJIiA-
JKEHHST Y IbOMY HalpsSIMKY 3aJIAILIAIOTHCS aKTyaIbHIMMU.

META

BuBuutu xapakTep pamialiiHO-iHAYKOBaHUX 3MiH Yy
CITOJIyYHOTKAaHMHHOMY MaTPUKCi OpPTaHiB IIypiB 32 yMOB
OJHOPa30BO1 il PEHTreHiBCbKOrO OINPOMIHEHHS Y
MiHiMaJIbHO JIeTaJIbHii Ta cyOJieTalbHil J03aX.

INTRODUCTION

Currently it is undoubtedly established that connec-
tive tissue plays a significant role in adaptation of
the body to environmental changes, in patricular to
radiation factor. According to current concepts, the
main components of connective tissue matrix form
microenvironement of the cells of any type, direct-
ly take part in the processes of morphogenesis,
cytodifferentiation, cellular motion, and provide
mechanical hardness of all organs [1]. It is known
that changes in connective tissue composition
accompany almost all pathological processes [2—4].
Interaction of connective tissue biopolymers with
superficial receptors in cell changes the membrane
potential and consequently influences mediately on
cellular metabolic processes orientation [5, 6].

In spite of this, the radiation changes of con-
nective tissue matrix are reported in several
works, mainly on ionizing radiation in radiother-
apeutic doses [7—10]. Practically, there are no
available data concerning X-ray irradiation in
considerable doses, and such research is thus of
certain topicality.

OBJECTIVE

To study the character of radiation-induced
changes in connective tissue matrix of rat organs
after single exposure to total X-ray irradiation in
minimal lethal and sublethal doses.
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MATEPIAJIM I METOIN

Jocainy mpoBOIMIIMCS HA OLIMX IypaxX-caMIIsiX Macoio
160-180 1, akux yrpuMyBaiu 3a CTAaHIAPTHUMU YMOBA-
MU Ha 3BUYaifHOMY pallioHi BiBapito. BukopucroByBaiu
eKCIepUMEHTaIbHy MOJEIb OJHOPAa30BOTrO BILIUBY
PEHTIreHiBCbKOTO BUMPOMIiHIOBAaHHS Yy no3ax JIMiss30 i
JI60/30. TBaprH ompoMiHIOBaNK Ha ycTaHOBILI PYM-17
3a CTAaHJAPTHUX TexHiYHMX ymoB: Hampyra — 200 kB,
cuna ctpymy — 10 MA, dinstp — 0,5 MM Cu + 1 MM Al, Ty-
oyc F-40, notyxHicts no3u 0,554 Ip/x8, Eep = 80,3 keB.
[MornmuAyTi 71031 MO M’IKMX TKaHWHaxX ckiaganu 4,0 i
6,2 I'p. TBapuH KOHTPOJIBLHOI IPYITH ITiJAaBaJIv TICEBIO-
orpoMiHeHHI0. [Ipy BUKOHaHHI JOCIiiB TOTPUMYBa-
JIUCh pEeKOMEHAaliil M0J0 MeIUKO-0i0J0TiuHNX
JOCJIiAXKEeHb 3rilHO 3 MiXXHapOJHUMM MNPUHLUIAMU
€Bporelicbkoi KoHBeHIi1 “ITpo 3axucT XxpebeTHUX TBa-
pUH, SIKi BUKOPUCTOBYIOTHCS IUISI €KCIIEpUMMEHTIB Ta
iHmMX HaykoBux wineir” (Ctpacoypr, 1998) ta HopMm
OioMeoMYHOI €TUKM, BimmoBigHo mo 3akoHy YKpaiHi
“ITpo 3axucT Big KopcTokoro mnoBomxkeHHs” (Kwuis,
2006) mig KOHTpoJieM KOMITeTy 3 MeaudHoi eTnku 1Y
“IHcTuTyT MemnudHoi pagiojorii iMm. C.I1. Ipurop’esa
HAMH VYxpainn”. TBapuH Oys0 po3MomiJieHO Ha Bif-
MOBiIHI KOHTPOJIbHY i mimmochimHi rpynu (rmo 10-15
TBapuH). Jocnuiau npoBoaunu Ha 3, 7 i 14-ty 1o0Oy Ta Ha
30, 90 i 180-1y mo6y (1, 3 i 6 Mic) miciig ONIPOMiHEHHSI.
KoHTposbHY rpylly TBapuH BHUKOPHCTOBYBAJIM Ha KO-
KEH TepMiH AOCHiIKeHb, OCKiAbKM I¢ HaJl0 MOX-
JIMBICTh BpaxyBaTH BiKOBi 3MiHM B YMOBax TPHBaJOIo
eKCIIEPUMEHTY.

IIpo 3MiHM KOMIOOHEHTIB CITOJYYHOTKAHMHHOIO MaT-
PUKCY y JIETeHSIX 1 LIKIpi LIypiB CYAWIN 32 BU3SHAYEHHAM
cymapHoi KinbkocTi konareHy (CKK), criBBigHOIIEH-
HsM ¢pakuiit T i IT pozunnHoro (PK) i Hepo3uMHHOTO
(HK) xonareHy, IBUAKICTIO pyIHYBaHHS KoJareHy IIpu
MPOBEAEHHI TPSIMOro 2- Ta 6-TOAMHHOTO KHCJIOTHOTO
TiIpOi3y Y pO3UMHi XJIOPUCTO-BOJHEBOI KUCJIOTU B MO-
JIIPHIii KOHLIEHTpaLii 6 MOJib/JI, KiIbKOCTi CyMapHUX i
cynbdiToBanux riko3aminormikaHiB (TAI i cTAT) Ta ix
iHguBigyanpHuX dpakuiii [11]. Ppakuio 1 PK excrpa-
ryBam po3urnHoM NaCl (2 moiib/71) Ha pocaTHOMY OY-
depi 3 MmonsipHOIO KOoHLeHTpawieo 0,04 monp/1, pH =
7,4 3 0,04 % Tsin 20 (PBS-Tween 20) ta ¢dpakuito 11 —
LUATpAaTHUM OydhepoM 3 MOJSIPHOIO KOHIIEHTpalli€lo
0,35 monb/n, pH = 4,3. Ing ogepxannst HK nposonu-
Ju rigpoaid TkaHuH TtpurncuHoMm (100 mr TPCK,
Worthington Biochemicals, CILIA). KinbpkicHe BM3Ha-
YeHHS1 KoJlareHy TIPOBOAWJIM TI0 peakilii TiIpoKCHUII-
poniny 3 xsopamiHoM T 3a metomom [12]. Ak cTtaHmapT
BUKOPUCTOBYBaIM TiapokcunpoiiH ¢ipmu Reanal
(Benrpis). g BUBYEHHS iHTEHCUBHOCTI OOMiHY KoJIa-

MATERIAL AND METHODS

White male rats weighing 160-180 g were kept under
standard conditions and standard vivarium diet.
Experimental model of single total X-ray irradiation
in the doses of LDis/30 and LDeo/30 was used. The
animals were irradiated at RUM-17 device under
standard technical conditions: voltage — 200 kV,
amperage — 10 mA, filter — 0.5 mm Cu + 1 mm Al,
tubule F-40, dose rate 0.554 Gy/min, Eef = 80.3
keV. Absorbed doses for soft tissues were of 4.0 Gy
and 6.2 Gy. Control animals were pseudo-irradiated.
At fulfilment of the experiments we followed the rec-
ommendations for medical biological research
according to the international principles of “Euro-
pean Convention For the Protection of Vertebrate
Animals Used for Experimental and other Scientific
Purposes” (Strassbourg, 1998) and norms of bio-
medical ethics according to the Law of Ukraine “On
protection against the rude treatment” (Kyiv, 2006)
under the control of the Committee for Medical
Ethics of State Institution “Grigoriev Institute for
Medical Radiology of National Academy of
Medical Sciences of Ukraine”. The animals were
divided into control and experimental groups (each
of 10—15 animals). The experiments were carried
out at days 3, 7, 14 and at days 30, 90, 180 (1, 3 and
6 months) after irradiation. The control group of
animals was used for every term of experiments since
it gave possibility to consider age changes under con-
ditions of continuous experiment.

The changes of connective tissue matrix compo-
nents in rat lungs and skin were evaluated on the
estimated total amount of collagen (TAC), ratio of
fractions I and II of soluble (SC) and insoluble
(ISC) collagen, collagen destruction rate at direct
2- and 6-hour acid hydrolysis in solution of
hydrochloric acid in concentration of 6 mol/L,
quantity of total and sulphated glycosaminogly-
cans (GAG and sGAG) and their individual frac-
tions [11]. Fraction I SC was extracted with NaCl
(2 mol/L) phosphate buffered solution with con-
centration of 0.04 mol/L, pH = 7.4 with 0.04 %
PBS-Tween 20 and fraction II — with citrate
buffer, concentration of 0.35 mol/L, pH = 4.3.
The tissues were hydrolysed with trypsin (100 mg
TPCK, Worthington Biochemicals, USA) to get
ISC. Quantitative determination of collagen was
realized according to the reaction of hydroxypro-
line with chloramine T by method [12]. We used
Reanal hydroxyproline (Hungary) as a standard.
To study intensity of collagen metabolism, the
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TeHY OIiHIOBaId KOHIIEHTpAIlil0 BUIbHOI (paKILii
TiAPOKCUIIPOJIiHY, @ TAaKOX KOJareHOJIiTUYHY (MeTaio-
3aJIeXXKHY Ta MeTaJoHe3anexXHy) akTuBHicTh (KJIA).
Buninenns I'AT" mpoBoauu 3a ripoJjiizoM KojlareHa3oo
Clostridium Histoliticum (600 ox.) i ocamKyBaau po34m-
HOM 2 % xjopuny unetwinipuanHiio. MpaxiionyBaHHS
I'AT" mpoBoaMIM 32 iIOHOOOMiIHHOIO XpoMarorpadieio Ha
Dowex 1 x 2 i3 HACTYITHUM KiJIbKiCHUM aHaJ1i30M iHIUBi-
nyanbHUX [Al 3a KoHIIeHTpallieo D-TmoKypoHoBoi i L-
imypoHoBoi KucioT [13]. SIk cTaHmapT BUKOPUCTOBYBaJIU
Y-TaKTOH-D-IIIOKypOHOBOI KUCI0TH Ta L-igypoHOBY
kucaoty ¢pipmu Merck. OTpuMaHi JaHi 0Opo0OJIsIn cTa-
TUCTUYHO 3a JO0IOMOrolo nakera Biostatistics v.4.03 mis
Windows 3 BUKOPMCTAaHHSIM HeIlapaMeTPUIHOIO KpH-
Tepito BinkokcoHa-MaHHa-YiTHi, a TaKOX f-KpUTepito
Cr’roneHTa.

PE3VYJIBTATU TA OBT'OBOPEHHS

IBuakicTe rigpoiidy kKomareHy (puc. 1), Oe3moce-
peIHBO y TOCTpUli Tiepio, Ha 3-10 i 7-My 100y, Bin3Haya-
Jlacs iCTOTHUM MiABUILIEHHSIM Yy JiereHs1x — B 1,81 2,2 pa-
3a, y wkipi — B 1,21 B 1,3 pa3za. BmicT BiJIbHOIO TiIpoK-
CUIPOJIiHY, SIK METa0OJITy CIOJYYHOTKAHMHHOIO IO-
XOJIIKeHHSI, BipOTiIHO 3pOCTaB Y JIETeHSIX TPU 000X J03aX
OINPOMiHEHHS B cepeaHbOMY B 1,7 pasza Ta y IIKipi — B
1,2 pa3za BimHOCHO KOHTpoJIto. PazoM 3 MM, KiJIbKiCHUI
piBeHb ¢pakuii I PK y merensax 3pocraB mpomopiiiiHo
no3i onpomiHeHHs B 1,7 i B 1,9 pasa, dpaxuii 11 PK y
wkipi — B 1,41 1,6 pasa.

BonHouac, Ha 3-10 100y MeTtanozanexkHa KJIA y nere-
HSIX TIepeBUIIyBaja KOHTPOJbHUI piBeHb B 1,51 B 2,0
pasu, a Ha 7-Mmy 100y — B 1,31 1,6 pasa, Tofi SIK y LIKipi
3MiHU MeTajio3aexxHoi KJIA Oyav MeHI BUpaxeHi, Hixk
y JiereHsx (puc. 2). HaBnaku, Ha 3-10 100y MeTajoHe3a-
nexHa KJIA y wmkipi 3pocrana BiANoOBiZHO 4031 OIl-
pominenHs B 1,3iB 1,7 pa3a, Ha 7-my o0y — B 1,4iB2,2
pasa, a Ha 14-Ty 700y 3aiuilaiacs MiaBUILIEHOI Maiixke
y 2,0 pa3u nipu 103i 6,2 Ip. Y HacTymHi TepMiHU, OYU-
Hatoui 3 30-1 100U, aKTUBHICTh 000X KOJIAar€HOTITUYHUX
CUCTEM Y JIeTeHSIX i IIKipi MOMITHO 3HMXyBajacs Ta
peecTpyBajacs MPakKTUIHO Ha PiBHI KOHTPOJIbHUX BEJIM-
yuH. Takox, y BiggajJeHi CTPOKM cIlOCTepirauocs
BiporinmHe 3poctanHg CKK 3 mepeBakHUM HaKOTTMYEH-
HaM ¢pakuii HK, sgxa na 180-ty mo0y Big3Hayaacs
30inbIIeHO0 y JlereHsx —B 1,3 i B 1,4 pa3za Ta y mikipi —
B 1,21 1,3 paza BimTHOCHO KOHTPOJIIO.

SIx cBimuaTh JaHi, IpuBeaeHi Ha puc. 3, Ha 3-10 i 7-My
JIo0y 3MiHM y (ppakuiitHoMy ckiani Al xapakTepusyBa-
JIMCS 3pOCTaHHAM paklii riaaypoHOBOI KUCIOTHU
(T'VK) y nerensix — B 1,41 B 1,7 pa3a, y mikipi — B 1,41 B
1,5 pa3za.

hydroxyproline free fraction concentration as well
as collagenolytic (metal-dependent and metal-
independent) activity (CLA) were estimated.
GAGs separation was carried out at hydrolysis
with 2% solution of collagenase Clostridium His-
toliticum (600 U) and sedimented with Cetylpyri-
dinium Chloride (CPC). GAGs fractionation was
carried out with ionic exchange chromatography
at Dowex 1 x 2 followed by quantitative analysis of
individual GAGs according to concentrations of
D-gluconic acid y-lactone and L-iduronic acids
[13]. Merck D-glucuronic acid gamma-lactone
was used as a standard. The obtained data were
proccessed statistically using Biostatistics v.4.03
for Windows with Mann-Whitney-Wilcoxon non-
parametric estimate and Student’s 7-test.

RESULTS AND DISCUSSION
The data given in Figure 1 show evidence that in
acute period at day 3 and 7, collagen hydrolysis
rate was significantly 1.8 and 2.2 times higher in
lungs and 1.2 and 1.3 times in skin, and contents
of free hydroxyproline as a metabolite of connec-
tive tissue origin grew reliably at both doses of irra-
diation, in average 1.7 times in lungs and 1.2 times
in skin compared to the control. Meanwhile,
quantitative level of SC fraction I in lungs grew in
proportion to the irradiation dose 1.7 and 1.9 times
and SC fraction Il in skin — 1.4 and 1.6 times.
At the same time, at day 3 metal-dependent CLA
in lungs was 1.5 and 2.0 times increased, and at day
7 it showed 1.3 and 1.6 times growth, meanwhile, in
skin the changes of metal-dependent CLA were less
manifested than in lungs (Figure 2). On the contrary,
at day 3 demonstrated 1.3 and 1.7 times growth of
metal-independent CLA in skin accordingly to the
radiation dose, at day 7 — 1.4 and 2.2 times, corre-
spondingly, and at day 14 it remained almost 2.0 ti-
mes increased at the dose of 6.2 Gy. Within next
terms, since day 30, activity of both collagenolytic
systems in lungs and skin reduced noticeably and was
actually registered at control levels. The long-term
evaluation showed valid growth of TAC with prevail-
ing accumulation of ISC fraction which at day 180
was registered as 1.3 and 1.4 times increased value in
lungs and 1.2 and 1.3 times in skin vs. controls.
Figure 3 gives the evidence of the days’ 3 and 7
changes in GAGs fractional composition which
are characterized by 1.4 and 1.7 times increase of
hyaluronic acid (HUA) fraction in lungs and 1.4
and 1.5 times in skin.
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JlereHi / lungs
LLeupkicTsb rinponisy konareny / collagen hydrolysis rate
MKMOTb TiAPOKCUNPONiHY / TOR x T TKaHWHW // hydroxyproling memol/ g of tissue per hour
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PucyHoK 1. Moka3sHUKKU iHTEHCUBHOCTI MeTabonisamy KonareHy y CMONY4HOTKAHUHHOMY MATpUKCi opraHis
wypiB 32 0AHOPA30BOro 3arajibHOro 30BHiLHbOr0 PEHTTeHIBCbKOro ONPOMiHEHHA Y Pi3HUX f03ax

Figure 1. Parameters of collagen metabolism intensity in connective tissue matrix of rat organs after expo-

sure to single total X-ray irradiation in various doses

IIpu ubomy y BigmaneHi TepMiHU CIIOCTEpeKeHb 30ib-
IIeHHs KiJIbKOCTi cynbditoBaHux IAI' (cTAI') nmpusBo-
JUI0 10 BUOIPKOBOro 3pocTaHHS (dpakiiii XOHIPOITUH-
cynabdary A i C (XCa,c) y nerensx Ha 90-ty ooy — B 1,5

At the same time, in long-term observation the
increased number of sulphated GAGs (sGAGs)
caused selective 1.5 and 1.7 times increase of A and
C chondroitin sulphate fraction (CSa c) in lungs at
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MeTanosanexHa aktueHicTb / metal-dependent CLA
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*~p<0,05; **-p<0,01; ** — p <0,001 NOpPiBHAHO 3 KOHTPONEM AAHOrO TEPMiHY AOCMiAy
*—p<0.05 **-p=<0.01, "™ - p<0,001 compared to the control of the same experiment term

PUCYHOK 2. MetanosanexHa Ta mMetanoHesanexHa KJIA y cnony4yHOTKaHMHHOMY MaTpuKCi opraHiB wypiB 3a
O{HOPa30BOro 3arajibHOro 30BHilUHLOr0 PeHTreHiBCbKOro onpoMiHeHHs y pi3HMx go3ax

Figure 2. Metal-dependent and metal-independent CLA in connective tissue matrix of rat organs after
exposure to single total X-ray irradiation in various doses

iB 1,7 pa3a, Ha 180-Ty 1o6y — B 1,6 i B 1,7 pa3a ta cne-
mugivyHOoro I8 MIKipi 3pocTaHHsS dpakxilii aepMaraH-
cynbdaty (XCg) Ha 90-Ty 100y — BignoBigHO B 1,41 B 1,5
pasa, Ha 180-1y o6y — B 1,51 B 1,6 pa3a, a TaKOX HaKoO-
nuyeHHs dpaxuii renapaHcyiabdary (I'TIC) Ha 90-Ty
no0y y nereHsx — B 1,3iB 1,5pazaTay mkipi —B 1,4iB
1,5 paza, Ha 180-1y 1006y — BinnosigHo B 1,41 1,6 pasa ta
y 1,41 1,7 pa3za.

Otxe, mpoBeIeHi TOCTiIKEHHS JO3BOJIWIN OXapaKTepH-
3yBaTU XapakKTep 3MiH 3 00Ky OCHOBHUX KOMITOHEHTIB CIO-
JIYYHOTKAaHMHHOIO MaTPUKCY Y JIETeHSIX i LLIKipi IypiB BHA-
CJIiIOK OAHOPA30BOI il 3araJIbHOrO PEHTIEHIBCHKOTO BUII-
POMIHIOBaHHS Y MiHIMaJIbHO JIETaJbHiil Ta cyOJeTabHil
no3ax. byno goseneHo, 1110 pamialiiiHO-iHIYKOBaHi 3MiHU
3a CBOEIO CITPSIMOBAHICTIO OYJIM OMHAKOBUMM TIpU 000X J10-
3aX peHTTeHiBCbKOro BUTIPOMiHIOBaHHSI, 32 CBOIM XapaKTe-
POM BifIPi3HSIMCS 3aJIEXKHO Bifl Yacy, 1110 MUHYB ITiCJIsI OIl-
POMIHEHHS Ta MaJIM AESIKY OpTaHHY CITeLIM(idHICTb.

Opnep:kaHi pe3yJbTaTU MOKa3aiau, 110 0e3rnocepeaHbo
y TOCTpUI TIepiof TicisT oNpoMiHeHHs, 3 3-1 mo 14-Ty
no0y, 3aranbHa BennunHa CKK He 3a3HaBajia CyTTEBUX
3MiH, aJie BinOyBaaucs MOPYIIEHHS CKIaay KoJlareHy Ta
3MiHM y KiUJIbKiCHOMY CIHiBBiZHOIIeHHi (pakuiit PK i
HK y cnony4yHiii TKaHMHI OpraHiB LIypiB. XapakTep-
HOIO PaHHBOIO peaKlli€lo Ha OIPOMiHEHHS OYJIO TTiIBU-
IIEHHSI PIBHIO METa0OJITiB CHOJYYHOTKAHWUHHOTO IIO-
XOIKEHHSI Ta MakKcuMajbHe 3pocTaHHsS BMmicTy PK
BigmoBigHo ¢dpakwii I — y merensx ta dpakumii I — y
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day 90 and 1.6 and 1.7 times at day 180, and specif-
ically for skin 1.4 and 1.5 time growth of dermatan-
sulphate fraction (CSg) at day 90 correspondingly,
and 1.5 and 1.6 times at day 180, and heparansul-
phate (HPS) fraction accumulation at day 90 in
lungs — 1.3 and 1.5 times, and in skin — 1.4 and 1.5
times, and at day 180, correspondingly — 1.4 and
1.6 times and 1.4 and 1.7 times.

Thus, the carried experiments allowed to
characterize the changes of the main compo-
nents of connective tissue matrix in rat lungs
and skin at single effect of total X-ray irradia-
tion in minimal lethal and sublethal doses. It
was proved that radiation-induced changes in
tendency were equal at both doses of X-irradia-
tion, but in character were different as for time
after irradiation and demonstrated certain
organ specificity.

The obtained results showed that just in post-
irradiation acute period from days 3 to 14, the total
values of TCA were not affected essentially, but the
disorders in collagen contents and changes in
quantitative ratio of SC and ISC fractions in con-
nective tissue of rat organs were registered.
Increase of the level of metabolites which were
connective tissue originally, and maximal growth
of SC, correspondingly to fraction I — in lungs and
fraction II — in skin were the characteristic early
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*—p <0,05; ** — p < 0,01 NOpiBHAHO 3 KOHTPONIEM AAHOTO TEPMiHY AocHiay
*—p<0.05 ** - p=0.01 compared to the control of the same experiment term

PucyHoK 3. ®pakuinuuit cknag FAT y cnony4yHOTKAHMHHOMY MAaTPUKCi opraHiB wWypiB 3a OAHOPa30BOro
3aranbHOro 30BHilWHbOrO PeHTreHiBCbKOro ONpoMiHeHHSA Y pi3HUX ao3ax

Figure 3. Fraction composition of GAGs in in connective tissue matrix of rat organs after exposure to sin-

gle total X-ray irradiation in various doses

mikipi. Bimomo, mo ¢dpakuis I PK HaiGinbll Jjierko
eKCTparyeThCcs 3 TKAHWMHU i1 MOXKE IEPETBOPIOBATHUCS Y
HK 6e3 cTanii KUCIOTOPO3UYMHHOCTI, TOAI K (paKilis
II PK excTparyeTbcst po34MHaAMU 3i 3HUXKEHOI 10HHOIO

response to irradiation. It is known that the easiest
way to extract SC fraction I is from tissue and it
may turn into ISC missing the acid solubility stage,
whereas SC fraction II is extracted by solutions
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CWJIOIO Ta Ma€ HaAMipHY KiJbKiCTh iHTPaMOJIEKYISIPHUX
3B’sa3KiB. HesBaxkalouum Ha BUSBIAEHI BiAMiHHOCTI,
KinbKicHi 3Minn ¢pakiiii PK y merensax i mKipi y paHHi
CTPOKM OyJIM MOB’A3aHi 3 MiABUILIEHHSIM iHTEeHCUBHOCTI
(bepMeHTAaTMBHOTO pO3Maay KoJIareHy Y CITOJy4YHill TKa-
HuHi. ITpo e cBimuuau 3MiH1M aKTUBHOCTI (DEPMEHTHUX
CHCTEM, 30KpeMa, METaJI03aJIeXKHOI Ta MeTaJIOHe3aJIexkK -
Hoi KJIA, mo (GpyHKIiOHYIOTh Y CIOJy4YHill TKaHUHI Ta
OepyTh ydacTh y mpoliecax pyiHYBaHHSI KOJAareHOBUX
0inkiB. BcraHoBiaeHa opraHocneuudiyHicTh, 30Kpema,
Y LIKipi MOSICHIOETHCSI TUM, 1110 Y Hilt OL/IbII BUCOKY aK-
TUBHICTh MAIOTh MeTaJIOHe3aJIeXKHi MpoTeiHa3Hi CUCTe-
mu [14].

Ha BinMiHy Bifg paHHbOTO mepiody, nmounHaroui 3 30-i
no6u ta y HactymHi 90-Ty i 180-Ty mo0y (3 i 6 mic) micis
OIIPOMiHEHHSI TEMIIM PO3Maay KOoJareHy iCTOTHO 3HUXKY-
Bajucs Ta peectpyBajnocs 3poctaHHs CKK y ynereHsx i
LIKipi onpomiHeHMX TBapuH. Haiibinbll xapakTepHUM
JUISL BiggajieHoro Tepioay Oyio nepeBakHe HaKOIIMYeH-
HsI HEPO3UYMHHMX KOMILIEKCiB KoyareHy y ckiani CKK
Ta MpUCKOpeHHs TipolieciB yrBopeHHs1 HK y crmomyu-
HOTKAaHMHHOMY MaTPHUKCI.

3a pe3ynbraTaMy MPOBeIeHUX JOCIIIKeHb OYJIO BCTa-
HOBJIEHO, 1110 3arajibHe 30BHIllIHE peHTTeHiBChKE OIPO-
MiHEHHSSl Y JOCHIIXEHUX Jd03aX BUKIMKAIO CYTTEBI
3MiHM KOHUeHTpauii cymapHux IAl' Ta ix iHOuBinyaab-
Hux ¢pakuiit cIAl' y cmonyuHiit TkaHuHi. BinoMo, 110
oiononiMmepu Al yTBOPIOIOTH HAIMOJEKYISIPHI HEKO-
BaJIeHTHI KOMILJIEKCU 3 KOJIaTeHOBUMM OiJIKaMU, pery-
JIIOIOTh MPOLIECU TO3piBaHHSI MOJIEKYJT KOJareHy Ta siB-
JISIIOTHCSI BaKJIMBOIO XapaKTePUCTUKOIO CIIOJIyIHOTKA-
HUHHOTO Matpukcy |[15]. BcraHoBieHi pagiauifiHo-
iHIYKOBaHi 3MiHM 1[i€] KOMITOHEHTH CITOJIyYHOTKAHWH-
HOro MaTpPMKCY XapaKTepu3yBaJMCs 30UIbIIEHHSIM CY-
mapHoro piBHs TAl, 110 Ha paHHbOMY eTarli Ge3mnoce-
peIHbO MOB’S3yBajiOCs 3 iCTOTHUM 3pOCTaHHSM (ppak-
it 'YK y serensx i mkipi. BinmoBigHo, Ha Mi3HbOMY
eTari BCTAHOBJIEHI 3MiHM 3 OOKY iHmuBigyaabHux clAT’
MaJiu opraHocrneuudiyHuil xapakrtep i BigzHayanucs
BUOIpKOBUM HakKomUueHHsSIM (pakilii XCa c y JereHsx,
(paxkiii nepmataHcyabdary (XCg) y mKipi Ta (pakiii
I'TIC y crionyuyHiii TKaHMHiI 000X opraHiB. Takum 4u-
HOM, 3a pe3yJibTaTaMM JOCHiAiB OyJOo AOBEAEHO, IO
pamiauiiiHO-iHAYKOBaHi 3MiHU PEECTPYBAIMCS IPOTSI-
rOM TPUBAJIOIO Yacy ITic/sl ONMPOMiHEHHS i XapaKTepu-
3yBaJIMCS TiABUILIEHHSIM iHTEHCUBHOCTI MeTaboJizmMy
OCHOBHMX KOMIIOHEHTIB CIIOJyYHOTKAHMHHOIO MaT-
puKcy. 3Baxaluyu Ha OCOOJMBY pPOJib KOJAareHOBUX
CTPYKTYp Ta KoxHoro 3 okpemMux tutiB [Al' y 3a6e3mne-
YEeHHi CTPYKTYPHOIO i (pyHKUiOHAJIbHOIO CTAaHY CIIO-
JIy4HOI TKAHMHU, MOXHA MPUITYCTUTH, 1110 BCTAHOBIICHI

with decreased ionic strength and has excessive
quantity of intramolecular bonds. In spite of the
revealed differences, quantitative changes of SC
fractions in lungs and skin at early terms were con-
nected with increased intensity of enzymatic
destruction of collagen in connective tissue. It was
proved by the changed activity of enzyme systems,
in particular, metal-dependent an metal-inde-
pendent CLA participating in destruction of colla-
gen proteins. The revealed organ specificity, in
particular, in skin may be explained by the higher
activity of metal-independent proteinaze systems
in it [14].

On the contrary from the early period, starting
from day 30, in following 90 and 180 days (3 and 6
months) after irradiation the rate of TOA destruc-
tion reduced significantly and we registered TOA
increase in lungs and skin of irradiated animals. Pre-
dominant accumulation of collagen insoluble com-
plexes in TOA composition and acceleration of the
processes of ISC formation in connective tissue mat-
rix were the most characteristic in remote period.

According to the carried research it has been
established that total X-irradiation in the investi-
gated doses induced significant changes in con-
centration of total GAGs and their individual frac-
tions sGAGs in connective tissue. It is known that
GAGs biopolymers form supermolecular non-
covalent complexes with collagenous proteins,
regulate processes of maturation of collagen mole-
cules and are important feature of connective tis-
sue matrix [15]. The revealed radiation-induced
changes of this component of connective tissue
matrix are characterized by increased total level of
GAGs, that at the early stage was directly connect-
ed with significant growth of HUA in lungs and
skin. Correspondingly, at the late stage the
revealed changes in individual sGAGs were organ
specific and showed selective accumulation of
CSa ¢ fraction in lungs, dermatansulphate fraction
(CSp) in skin and HPS fraction in connective tis-
sue of both organs. Thus, according to the results
of experiments it was proved that radiation-
induced changes were registered within prolonged
time after irradiation and were characterized by
increased metabolism intensity of the main com-
ponents of connective tissue matrix. Considering
the particular role of collagenous structures and
each of specific types of GAGs in realizing struc-
tural and functional condition in connective tis-
sue, it is possible to suggest that the revealed

(1) 478
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3MiHHU JIeXXaTb B OCHOBi (popMyBaHHS pafialliiHO-iHIY-
KOBAaHUX YCKJIAAHEHb, SKi BU3HAYAIOTBCI 3 OOKY
XKUTTEBO BaXXJIMBUX OPraHiB y BiggaJieHi TepMiHU ITicst
onpomiHeHHs. Tak, HakomuueHHs clAl, 3okpema
XCa,c ta I'TIC, ciyxuTh cneuu@iyHUM MiTOT€HHUM
CTUMYJIOM [IJIs KJITHH, SIKi CUHTE3YIOTh KOMIIOHEHTHU
CIMOJIyYYHOTKAHMHHOTO MaTpukcy [16]. BcraHoBieHe 3a
pe3yJbTaTaMM [OCIiAiB Iporpecyloye MiIBUILIECHHS
CKK Ta cI'Al' i mopyieHHs iX KiJIbKiCHUX CITiBBiTHO-
ILIEHb Y COOJYYHOTKAHUHHOMY MaTPUKCi Y3roJIKyBajlo-
Cs1 3 JaHUMU TMoNepeaHiX JOCHiIKeHb 111010 ITiIBUILEH-
HS 4YaCTOTU PO3BUTKY pafiallifHO-iHAYKOBAaHUX ITHEB-
Mo(}iOpo3iB Ha BigaJeHUX eTarax Iicjas OIPOMiHEHHS.
Sk 6yno noBeaeHo [17], y AereHsIX orpoMiHEHUX LIypiB
yepe3 3 1 6 MicsLiB criocTepekeHb BU3HAYaIUCsI Oce-
peIKOBi YIIKOMXEHHS MapeHXiMaTO3HUX CTPYKTYyp i
HecneuudiyHi MmpoJtichepaTUBHI PO3POCTaHHS CITOJYY-
HOTKAaHMHHOTO MaTpukcy. Ha Hamy nymKy, BUsIBIIEHi
MOPYIIEHHS KiJIbKiCHUX CHiBBiIHOIIEHb i (PpaKIiifHOTO
ckiiany koisiareHy i A 6e3yMOBHO BILIMBalOTh Ha
(byHKIiOHAMbHI BJIACTUBOCTI CMOJIYYHOTKAHWUHHOTO
MAaTPUKCY Ta BUHUKAIOTh SIK IIPOSIBU TPUBAJINX CUCTEM-
HUX 3MiH Yy CHOJYYHIi TKaHWHiI Tpu (GopMyBaHHI ii
paniauifiHoi Bimmosigi. TakuM 4YMHOM, 3a MPAKTUYHOIO
3HAYMMICTIO MpOBEIEeHi AOCHiAKEHHS BKa3ylOTb Ha
0OCOOJIMBY POJIb CIIOJIYYHOI TKAHUHHU Y ITAaTOTEHETUIHUX
MeXxaHi3MaX PO3BUTKY BiggajieHol pagialiiiHOI maTo-
JIoTii BHACJiIOK Hii Ha OpraHi3M iOHi3ylO4OTrO pPEHT-
Te€HiBCbKOTO BUITPOMiHIOBAHHSI.

BHUCHOBKU

1. PagianiitHo-iHayKOBaHi 3MiHM Y CIIOJIyYHOTKAHUHHOMY
MaTpUKCi OpraHiB IIypiB 3a OAHOPA30BOI [Iii 3araJlbHOTO
PEHTTEHiBCbKOIO OMPOMIHEHHSI Y MiHIMaJIbHO JIeTaJbHil
Ta CyOJeTalbHill J03aX 3a CBOEI CHPSIMOBAHICTIO OyJu
OJIHAKOBMMU TIpY 000X J103aX, Majii opraHocneu(iaHuii
XapakTep Ta BU3HAYaIMCS YaCcOM ITic/Isl OMPOMiHEHHSI.

2. BcraHoBIEHO, 1110 B OCHOBI paaiallifHO-iHIyKOBaHUX
MOPYIIEHb Y CIIOIYYHOTKAHMHHOMY MaTPHUKCi Ha paHHIX
eramax Iicjis ONMPOMiHEHHS JieXaTb 3MiHU aKTUBHOCTI
MeTajo3ajexkHoi Ta MeTanoHe3anexHoi KJIA, miaBu-
meHHs BMicty PK dpakuii I — y nerensx ta ¢paxuii IT —
y LIKipi Ta Ha BigJgaJieHUX eTanax — MaKCUMaJlbHe 3pocC-
taHHsa CKK i HK.

3. BcranosneHi 3MiHu y ¢pakiiiHoMy ckiani TAI' Ha
paHHIX eTarax IIPOSBJISTIOTHCS 3POCTAHHSIM KiJIbKOCTI
I'YK Ta Ha BiggajeHux eramax — HAKONUYEHHIM
dpakuii XCac y nereHsx, ¢ppakuii gepMaTaHCyabdhaTy
(XCp) y mikipi Ta ¢dpakuii I'TIC y crnosydHiit TKaHWHI
000X OpraHis.

changes are basic for the formation of radiation-
induced complications which are determined by
vital organs in long-term period after irradiation.
Thus, GAGs accumulation, in particular CSac
and HPS, serves as a specific mutagenic stimula-
tion for cells synthesizing components of connec-
tive tissue matrix [16]. Progressive rising of TAC
and sGAGs and their disordered quantitative cor-
relations in connective tissue matrix revealed on
the basis of the results of experiments coordinate
with the data of the previous research about the
increased frequency of the development of radia-
tion-induced pneumofibroses at post-irradiation
long-term stages. As it was proved in [17], the focal
lesions of parenchimal structures and non-specific
proliferative overgrowth of connective tissue
matrix were identified at 3 and 6 months of obser-
vations in lungs of irradiated rats. To our opinion,
the revealed disorders of quantitative correlations
and fraction composition of collagen and GAGs
undoubtedly influence on functional properties of
connective tissue matrix and develop as manifesta-
tion of continuous systemic changes in connective
tissue while formation its radiation response.
Thus, practical value of the carried research indi-
cates specific role of connective tissue in patho-
genetic mechanisms of the development of long-
term radiation pathology due to the ionizing X-ray
irradiation effect on the body.

CONCLUSIONS

1. Radiation-induced changes in connective tissue
matrix of rat organs at single effect of total x-ray
irradiation in minimal lethal and sublethal doses
were equal in tendency at both doses, demonstrat-
ed organ specific character and were determined
by post-irradiation time.

2. Radiation-induced disorders in connective tis-
sue matrix at early post-irradiation stages are
grounded on the changes of metal-dependent and
metal-independent CLA activity, increase of SC
fraction I content in lungs and fraction II in skin
and maximal growth of TAC and ISC at long-term
stages.

3. The revealed changes in GAGs fraction compo-
sition at early stages are manifested by increased
HUA value and at long-term stages by accumula-
tion of CSa ¢ fraction in lungs, dermatansulphate
fraction (CSg) in skin and HPS fraction in con-
nective tissue of both organs.
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