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Ultrastructure of Arteries after Devitalization
with Low Temperatures and lonizing Irradiation

B paGote mpeacTaBieHbl pe3yabTaThl JIEKTPOHHOW MHKPOCKONHMH apTepuil Majoro JuaMeTpa mocjie KpuooOpaboTKu u
HOHM3HpYIoIero oonyuenus. [TokazaHo, 4T0O KOMOMHUPOBAHHOE JACHCTBUE 3aMOPAKUBAHUA-OTOTPEBA U MOCIICAYIOIIETro 00Ty YeHH s
IIOTOKOM JICKTPOHOB IIPUBOJUT K TIOJIHOW IeBUTATIM3ALlUU CETMEHTOB apTepHUil ¢ COXpaHECHUEM COECAMHUTEILHOTKAHHOTO KapKaca.

Knrouessie cnosa: nesnranusanys, cocyauctbie ckaddoisl, ON0I0rHueckre COCYJUCTHIC TPOTE3bI.

VY po0oTi mpeAcTaBiIeHi pe3ynbTaTH eIeKTPOHHOI MIKPOCKOIIT apTepiii Majoro aiaMeTpa miciisi KpiooOpoOKH Ta i0HI3yH0HYOro
onpomineHHs. [TokazaHo, 1m0 KOMOIHOBaHa [isl 3aMOPOXKYBAHH-BiIIrPiBaHHS 1 MOJANBIIOTO ONPOMIHEHHSI IOTOKOM €JIEKTPOHIB
NPU3BOJMTH JI0 MOBHOT JieBiTani3alil cerMeHTiB apTepiil i3 30epexeHHsIM CIO0IyYHOTKAHHHHOTO KapKaca.

Knrouogi cnosa: neiranizanis, cynunHi ckad oy, 6i00riuHi CyaMHHI MPoTe3u.

The report represents the data of electron microscopic study of small-diameter arteries following cryotreatment and ionizing
irradiation. Combination of freeze-thawing with following irradiation by electron beam was shown to result in a complete devitalization

of arteries while maintaining the connective-tissue frame intact.
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B nacTosimee Bpemst cymiecTByeT mpoOiema ne-
¢unMTa COCYIUCTHIX TPad)TOB AJ1s1 AOPTOKOPOHAPHOTO
LIYHTUPOBAHUSI M IPOTE3UPOBAHUS NIEpUPEPUIECCKUX
aprepuil. AyTOT€HHBIE COCYIBl 4acTO HEIOCTYITHBI
BBHY UX OTPAaHHYEHHOTO KOJIMYECTBA MITH BOBIICUEHHUS
B MMaTOJIOTUYECKHUI TPOLIECC, & CHHTETHUECKUE TPOTE-
36l HEMIPUTOZIHBI 7151 TAKOTO poza onepanuil. Kak ans-
TEPHATUBY OBLIO MPEIIOKEHO HAHOCUTH CIIOH 2HJIO0-
TEeJHS Ha ICKYCCTBEHHBIE ITOJINMEPHBIE TPOTE3BL, YTO
yBEIUYMBAET OMOCOBMECTHUMOCTh KOHCTPYKLUHU H
3HAUUTENBHO CHIDKAET PUCK TPOMOOOOpa3oBaHHs H
pecTeHo30B noiauMepoB. HecmoTpst Ha my4ryro mpo-
XOIIMMOCTb, SHAOTEIH3UPOBAHHBIE TPOTE3bI 00eCTIe-
YUBaOT 3PPEKTUBHYIO TEMOLUPKYJISLHIO B TEUCHUE
3-5 ner menee ueM B 50% cmyuaes [1]. IlepcnexkTus-
HO HCIIOJIB30BaTh B KA4€CTBE COCYAMCTHIX cKaddo-
JIOB JICBUTATN3NPOBAHHBIC KCEHOTCHHBIE TKaHU [8, 12,
15]. BonpmMHCTBO MpensaraeMbix METOAOB JEBUTA-
JIN3allii OCHOBaHBI HAa IPUMEHEHUH PA3INIHBIX KOM-
OMHAIMI JeTepreHTHO-OH3UMHBIX pacTBopoB [10], uto
o0yclaBiIuBaeT HEAOCTATOYHYIO MEXaHHYECKYIO
MPOYHOCTH MONydeHHBIX ckaddongos [5, 6, 14] u
MOXET BBI3BIBaTh (OPMUPOBAHHE aHEBPU3MATH-
YeCKUX pacuupeHuid. Kpome Toro, ucnosiib30BaHue u-
TOTOKCHUYECKHX BEIIECTB MOBBIIIAET TPOMOOT€HHOCTh
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Nowadays there is a problem of the shortfall of
vascular grafts for aortocoronary bypass surgery as
well as prosthetics of peripheral arteries. Autogenic
vessels are often unavailable because of their limited
number or involvement into pathological process, and
synthetic prostheses are not valid for such surgeries.
The application of epithelium layer to artificial polymer
prostheses for increasing the biocompatibility of the
construct and significant reduction of the risk of both
thrombus formation and polymer re-stenoses was pro-
posed as an alternative. In spite of better patency the
endothelized prostheses provide an effective blood cir-
culation for 3—5 years less than in 50% of cases [1].
The use of devitalized xenogenous tissues as vascular
scaffolds can be a promising issue [8, 12, 15]. The ma-
jority of the proposed devitalization methods is based
on the application of different combinations of deter-
gent-enzyme solutions [ 10], stipulating an insufficient
mechanical strength of the resulted scaffolds [5, 6, 14]
and can cause the formation of aneurismal dilatations.
In addition, the use of cytotoxic substances increases
the thrombogeneity and complicates following endothe-
lization of biological scaffolds [11, 13]. The known
methods of chemical devitalization do not achieve the
combination of elasticity, mechanical strength and re-
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U OCJOXHAET MOCIEAYIOUIYI0 SHIOTEIN3aun0 O1o-
noruuyeckux ckaddonnos [11, 13]. U3BecTHBIE METO-
bl XUMHYECKON AEBUTATN3AIUHA HE MO3BOJISIOT
JOCTHYh COYETAHUS IACTHYHOCTH, MEXaHMYECKOU
MIPOYHOCTH M yCTOWYMBOCTH K paHHEH Onoaerpagannm
MIOJTyYEHHBIX KCeHOTpaHCIu1aHTaToB [5]. [ToaTomy Bee
Oopllee BHUMaHUE yAeNseTcsl pa3paboTKe METOIOB
JNEBUTATU3AIUN C HUCIIOJIb30BAHNEM (PU3UUECKUX
¢axTopos [9, 13], kOTOpBIE MO3BOJSIOT CHU3UTH UM-
MYHOT'€HHOCTh KCEHOT€HHOW TKaHU U 00eCIeduTh
COXPaHHOCTbh MEXaHUYECKOW IPOYHOCTH apTEpUIL.

B paborax [2, 3, 7] npencraBieHbl JaHHBIE ONTH-
YEeCKOM MUKPOCKOIHHU U Pe3yIbTaThl OLECHKH OnoMe-
XaHUYECKHUX XapaKTEPHUCTHK COCYIOB Majoro Aua-
MeTpa MocCiie KOMOMHUPOBAHHOTO JEUCTBUS HU3KHUX
TEMIEPATYP U HOHU3UPYIOLIETO OOy UESHHS.

Lenb paboThl — U3YyYUTH YIBTPACTPYKTYpPY apre-
pHaNbHOM CTEHKH Ha OCHOBHBIX 3Talax JEBUTAIH-
3aIHH.

Matepnaabl 1 meToAbI

OKCHEPUMEHTH POBEIEHBI B COOTBETCTBUU C
“OO0MUMH PUHITUIIAMH SKCIIEPUMEHTOB Ha KHBOT-
HEBIX”, omoopenubiMu 111 HarmoHamsHBIM KOHTpeccoM
o ouostuke (Kues, 2007) u cormacoBaHHBIMH C
nonokeHusAMH “EBpomneiickoil KoHBeHIMu o 3ammure
MO3BOHOYHBIX YKMBOTHBIX, UCIOJIb3YEMBIX JJISi KC-
MIEPUMEHTAIBHBIX U APYTUX Hay4IHBIX eneit” (Ctpac-
oypr, 1986). O6bexTOM HccaeqoBaHuUs ObUTH BHYTPH-
IpyZIHbIE apTEPUH CBUHBH, KOTOPBIE IIOCIIE BBIACICHUS
Y TIpenapupOBaHUS TPUKIIbI TPOMBIBATH OXJIAXK/ICH-
HbIM 710 4°C QHU3HO0TOrHIeCKHM PacTBOPOM C J100aB-
nenreM: 100 ME/mn nenutiinaa, 100 Mr/mi cTpen-
TOMHLIMHA, 6 MIr/MI1 hirykoHazona. [locie npomMbIBaHus
4acTh apTepUil MOABEPTaIN OOIYIEHHUIO IIEKTPOHAMU
Ha ycranoBke JIYD-2000 mo aByM sKCmepHUMEH-
TalbHBIM pexuMaMm (“U30mupoBaHHOE 00IyueHue”),
Pa3IUYAIOIIMXCS BEIMYUHON MOITIOIIECHHON JJO3bI (D] =
D,/2). OcraBiumecs apTepuu NOcjIe yaaleHus ocTar-
KOB TIPOMBIBOYHOTO PAcTBOPA C IOBEPXHOCTHU U MPO-
CBETa COCY/IOB NOMEILANN B CTEPUIIbHBIE KPUOCTOM-
kue koHTelHeps! (“Eurotubo”, “Deltalab”, Ucnanus),
KOTOpbIE TIOTPY>KaJl B Taphl )KUAKOTO a3oTa. [locme
OTOrpeBa Ha BOJsHOW OaHe mpu Temmeparype 37°C
COCY/IbI TAKKE MOJIBEPTak 00Ty IEHHUIO HIIEKTPOHAMH
[0 JIByM yKa3zaHHBIM pekumaMm. B mpouecce oOmy-
YEeHUsl TeMIIepaTypy apTepHid IOCTOSHHO KOHTPOJIHU-
poBaiu (He Gosee 25°C). BpeMeHHO!H HMHTEpBal ¢
MOMEHTa OTOTPEBA apTepUil 10 00IyUeHHUS HE TIPEBBI-
wan 90 MuH.

Jiist mpoBeieHHst AIIEKTPOHHO-MUKPOCKOTTHIECKHX
HCCIIeIoBaHM 00pa3ibl (PUKCUPOBAIH 110 CTAHAPT-
HOU MeTonuke [4]. YABTpacTpyKTypy COCYAHCTOM
CTEHKH HCCIIE0BAJIH C TOMOIIBIO SJIEKTPOHHOTO MUK~
pockona IIDM-125K (Poccus) npu yckopsioniem
HanpsbkeHuu 75 kB, CHaOKEHHOT0 CUCTEMON ChEMKHU
n aHanmmuza m3obpaxenuss CAU-01A (AO “SELMI”,
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sistance to early biodegradation of the obtained xeno-
grafts [5]. Therefore, more attention is paid to the de-
veloping of devitalization methods using physical fac-
tors [9, 13], enabling to reduce immunogeneity of xeno-
genous tissue and provide the integrity of mechanical
strength of arteries.

In the reports [2, 3, 7] the light microscopy data, as
well as the results of assessment of biomechanical
characteristics of small diameter vessels after a com-
bined effect of low temperatures and ionizing irradia-
tion are presented.

The aim of this research was to investigate the ul-
trastructure of arterial wall at main stages of devitali-
zation.

Materials and methods

The experiments were carried-out in the accord-
ance with General principles of the experiments in ani-
mals, approved by the 3™ National Congress in Bio-
ethics (2007, Kiev) and coordinated with the statements
of European Convention about the protection of verte-
brate animals used for experimental and other scien-
tific purposes (Strasbourg, 1986). The research object
were porcine intrathoracic arteries, which after isola-
tion and preparation were thrice washed with a cooled
down to 4°C physiological solution supplemented with
100 TU/ml penicillin, 100 mg/ml streptomycin and
6 mg/ml fluconazole. After washing the part of ves-
sels were subjected to the irradiation with electrons
using LUE-2000 device according to two experimen-
tal regimens (‘separate irradiation’), differing by the
amount of absorbed dose (D, = D,/2). The surface and
lumen of remained arteries were cleaned from the rests
of washing solution and the arteries were placed into
sterile cryostable containers (Eurotubo, Deltalab, Spain),
which were plunged into liquid nitrogen vapors. After
thawing in water bath at 37°C the vessels were also
subjected to the irradiation according the mentioned
two experimental regimens. During irradiation the tem-
perature of arteries was constantly controlled (below
25°C). The time interval from the moment of thawing
of arteries prior to irradiation did not exceed 90 min.

To perform electron microscopy studies the sam-
ples were fixed according to the standard methods [4].
Ultrastructure of vascular wall was investigated by
means of electron microscope PEM-125K (Russia) at
75 kV accelerating voltage, adjusted with the record-
ing system and analyzer of images SAI-01A (JSC
SELMI, Ukraine), using CCD camera DX-2 (Germany)
and the KAPPA software (Germany).

Results and discussion

According to the data of electron microscopy the
freezing down to —196°C and following thawing of
porcine arteries resulted in significant loosening and
endothelium focus desquamation. In preserved endo-
theliocytes we observed nuclei swelling, destruction of
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r. Cymel), ¢ ucnonb3oBanuem CCD kamepsr DX-2
(I'epmanus) u nakera nporpamm ¢upmsl “KAPPA”
(I'epmanms).

Pe3yAbTaThl M 00CyxaeHue

[To maHHBIM 3JIEKTPOHHO-MHUKPOCKOTTUYECKOTO
HccienoBaHus 3aMmopaxuBanue 10 —196°C u nocie-
JIYIOIIUM OTOTPEB apTepUil CBUHBY MPUBOJIUIIN K 3HA-
YUTEIHHOMY Pa3phIXJICHUIO U 0Y4aroBOW JeCKBaMaluu
SHAOTENHA. B cOXpaHUBIIHUXCS IHIOTEIHOMUTAX
HaOronau HaOyXaHue siiep, NECTPYKIHIO OpraHeIut
U pa3pbiBhI ITOJIeMMBI. ba3anbaas MmemOpaHna (BM),
pacronararmascs IMoJi SHI0TeIUEM, B OCHOBHOM
coxpansnach. [logsHnoTenanbHbIA CIONW XapakTe-
pHU30BaNICS HATMYMEM PHIXJIOH TOHKOQUOPUILIIPHOH
COCIMHUTEIIBHOM TKaHH, OOJIbIIICH YaCThIO THIPATHPO-
BaHHOM, 0 YeM CBHJIETEIILCTBOBAIIH DIIEKTPOHHO-CBET-
JIBIE TIOJIOCTH B HeM (puc. 1).

Crpykrypa BOM, a Takxke 371aCTHYSCKUX MEeMO-
paH Menuu aptepum coxpaHeHa (puc. 2). Kommare-
HoBble BojokHa (KB), pacnomaratomiuecss Mexny
anacTU4ecKuMu MeMOpanamu (OM) 1 I1aJKoMbIIey-
HbiMHu KiteTkamu (I'MK), He umenu rpyObIx CTPYKTYp-
HbIx HapyieHuit. Onxako st ' MK Obutn XapakTepHbl
W3MEHEHUs (OPMBI U YIETPACTPYKTYPHI sIep, OTCYT-
CTBHE WHBArWHAIUH KapHOJIEMMBI, a pa3phIXJICHUS
reTepoXpoMaTHHA CBUJICTEIBCTBOBAIN O HAOYXaHUH
simep (puc. 3, 4).

Huronnazma I'MK BakyonnsupoBaHa, MUTOXOHI-
UM IMEIN 3HAYUTENEHO ITPOCBETIICHHBIN MaTpUKC O3
kpuct (puc. 3). Lutonemmer 'MK Obu1H COXpaHEHbI,
IIPH 3TOM OTMEYAJICSl OYarOBBIN JIH3HC X 0a3aIIbHBIX
MeMOpaH.

Hapymenus cTpyKTypbl 30HBI COSTMHEHUS KOJLIA-
TCHOBBIX BOJIOKOH W DJIACTUYECKMX MEMOpaH He Ha-
omonanuch (puc. 5).

Puc 1. ®parmeHTt BHyTpeHHEH 000JI0UKH apTepUu MOCIe
3aMOpaXMBaHMUI-OTOIPEBA; CTpeNKoi obo3HaueHa BM;
IEM — BHyTpeHHss ay1acTuuecKast MeMOpaHa.

Fig. 1. Fragment of artery inner membrane after freeze-thaw-
ing; BM is marked with an arrow; I[EM — inner elastic mem-
brane.

organelles and ruptures of cytolemma. Basal membrane
(BM) located beneath epithelium was mainly pre-
served. Sub-endothelial layer was characterized with
the presence of loosened thin fibrillary connective tis-
sue, which was mainly hydrated, that was confirmed
by present electron-light cavities inside (Fig. 1).
Structure of IEM as well as the elastic membranes
of artery tunica media was preserved (Fig. 2). Colla-
gen fibers (CF) located between elastic membranes
(EM) and smooth muscle cells (SMC) had no rough
structural disorders. However, the SMC were char-
acterized by changed shape and ultrastructure of nu-
clei, absence of karyolemma invaginations, and loos-

Puc 2. Coxpannocts ctpyktypsl BOM (IEM) nocrne 3amopa-
KUBAHUS-OTOTPEBA aPTCPHH.

Fig. 2. Preserved structure of IEM after freeze-thawing of
artery.
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Puc. 3. Ctpykrypa MK (SMC) nmociie 3amopaKuBaHUs-
ortorpea aprepun; N — sapo.

Fig. 3. Structure of SMC after freeze-thawing of artery. N —
nucleus.
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Puc. 4. Kpnonospexaenne MK (SMC) Mennu aprepuu rocie 3aMOpaKMBaHUSA-0TOTpeBa: a — hparMeHTanus KIEToK,
Ha0byXxaHHe MUTOXOHIpHI; 0 — HaOyxaHue u (hparmenTanys siapa (N), 04aroBblii JTM3KC 0a3aabHON MEMOPaHBI 1 [IUTOIEMMBI;

EM — snactuueckas MeMOpaHa.

Fig. 4. Cryodamage of SMC of artery tunica media after freeze-thawing of artery: a — cell fragmentation, mitochondria
swelling; b — swelling and fragmentation of nucleus (N), focus lysis of basal membrane and cytolemma.

CrnenyeT OTMETHTbH, YTO HAJIMYME OYaroB COXpa-
HUBIIEHCS SHOTEIUATHHOW BBICTHIKH M OCTaTKOB
I'MK B cocyaucToit Menuu 1ociie KpHOBO3ICHCTBHUS
HE CBUETEIBCTBYET O MOJTHOW IEBUTANN3AINY TKaHN
Y MOJKET BBI3BaTh UMMYHOTCHHBIE PEAKIIUY [TPU TPAHC-
TUTAaHTAIHH.

ONEeKTPOHHO-MUKPOCKOIIMYECKOE HCCIIEOBAHIE
CTPYKTYPBI apTEPHH CBUHBH ITOCTIE ““M30JIMPOBAHHOTO”
o0Jy4eHHs MO ABYM pEeXHMaM CBHUAETEIHCTBOBAIIO
0 TITyOOKUX IECTPYKTUBHBIX H3MEHEHUSX KICTOUHBIX
KOMITOHEHTOB TKaHEl BHE 3aBUCHMOCTH OT BEITHYNHBI
HCIIOJIb3YEMOM /1036l 00JyueHus. B o0oux ciyuasx
MIPAKTHYECKH BECh YHIOTEIUANBHBIN CJION ObLT MO-
BEpIKEH JlecKBaManuu. B OoubIeil 4acTu OTCIOuB-
IIUXCS IHIOTEIHAIBHBIX KIETOK BBISBICHBI SBHBIC
MIPU3HAKU JeCTPYKITHH (puc. 6). [lomHaoTeMMabHbIH
CJIOM MpeJICTaBIIEH PHIXJION COEIMHUTENILHON TKAHBIO,
cozaepxaiieit pazposokHeHHble KB.

B crpykrype Menuu snactuueckue MeMOpaHBI U
KOJUIar€HOBbIE BOJIOKHA MIOCTIE “M30JIMPOBAHHOIO” 00-
Jy9eHUSI B OCHOBHOM COXpaHsUTHCH (puc. 7). Snmpa
I'MK copepxanu reTepoxpoMaTvH BBICOKOW 3JIEK-
TPOHHOU IUIOTHOCTH BJIOJIb KapUOJIEMMEI, a TaKXe
pacumpeHHoe MepUHYyKJIeapHOe MPOCTpaHcTBO. LluTo-
IU1a3Ma MoJ(Beprajiach BaKyoJIU3aliu, 0COOCHHO Ha
nepudepun KIeToK. J[ist MUTOXOHIpUN XapaKTepHBI
MIpU3HAKW HA0yXaHus, AECTPYKIIUN KPUCT U IIPOCBET-
JieHusl Marpukca. L{ucTepHbl 3HI0MIa3MaTHYECKOTO
petukyiayma (OI1P) paciupenbl, 0COOCHHO B OKOJIO-
simepHoH 30HE (puc. 8, 0).

Habmromanucek 04aroBblil TU3UC TIA3MOJIEMMBL U
(dparmenTarus 6a3anpHbix MeMOpan MK, Heo6xo-
JIUMO OTMETHUTB, YTO II0CTIC “U30JIUPOBAHHOTO” 00ITY-
YEeHUs 110 PeXuMy | B MeIHH apTepuu 0OHapy KHBa-
JIOCh 3HAYHUTEIFHOE KOJIMYECTBO CHITBHO Pa3pyIICHHBIX
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ening of heterochromatin, testified to nuclei swelling
(Fig. 3, 4).

Cytoplasm of SMC was vacuolized, mitochondria
had significantly enlightened matrix with no cristas
(Fig. 3). Cytolemmas of SMC were preserved, and
there was found a focus lysis of their basal membranes.

No damages of the junction zone structure in colla-
gen fibers and elastic membranes were observed
(Fig. 5).

It should be noted that the presence of partially pre-
served endothelial bed and rests of SMC in tunica
media after cryoeffect do not testify to a complete tis-
sue devitalization, and can provoke immunological re-
actions after transplantation.

Puc. 5. Ynsrpactpykrypa ydactka coeaunerns KB (CF) n
OM (EM) nocne 3aMopakMBaHUS-OTOTPEBA.

Fig. 5. Ultrastructure of the junction site of CF and EM after
freeze-thawing.
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Puc. 6. YnsrpacTpyKTypa 3HIOTENNS apTepHuH Mocie “M30JIMPOBaHHOTO” 00my4eHus B pexxumax 1 (a) u 2 (6). OTpsIB
SHAOTEIUONUTOB OT O0a3anpHOi MeMOpaHsbr; N — siapo; [EM — BOM; CF — KB; M — mutoxonapus.

Fig. 6. Ultrastructure of artery endothelium after ‘separate’ irradiation on regimens 1 (a) and 2 (b). Separation of endotheliocytes

from basal membrane; N —nucleus; M — mitochondria.

I'MK u 607b1IHX 37IEKTPOHHO-CBETJIBIX TOJIOCTEMH, CO-
JeprKaIuX KIIETOYHBIN NeTpuT (puc. 8, a). 30HBI MpH-
KpEIUIeHHUS KOJIJIar€HOBBIX BOJIOKOH K 3JIaCTHYECKUM
MeMOpaHaM MPaKTUYECKH He MOBPEkKACHHI (puc. 9).
Amnanus cocTosiHUSL apTepUuaIbHON CTEHKH IMOcie
COYETaHHOT'O BO3JICHCTBHUS 3aMOpaKNBaHUA-0TOTpEBA
U TOCJIEYIOIIEro o0MydeHusl M0 OJHOMY U3 JIBYX
PEXKUMOB, pa3NIUYaIOIINXCs BEIUYUHON NO3bI, HE
BBISIBUJI CYIIECTBEHHON Pa3HUIIBI B UX YIBTPACTPYK-
Type. DHIOTEIHANIbHBIN CIION B 3THX 00pa3iiax moJ-
HOCTBIO OTCYyTCTBOBaJl. ba3anbHas meMOpaHa mpe-
MMYIIECTBEHHO coxpaHeHa (puc. 10).
[MompHaoTEeNManbHBIN CIOH COCTOSUT U3 PHIXJION
COEJIMHUTENIbHON TKaHH, coJiepxalien AUCCOIUUpPO-
BaHHbIe ITyuykn KB u ckoruienus amopgHoro siac-
TrHA. BrIsBNIEeHa IECTPYKIUS KIETOUYHBIX 3JIEMEHTOB

Electron microcopy study of the porcine artery af-
ter ‘separate’ irradiation according to two regimens
testified to deep destructive changes of cell compo-
nents of the tissues not depending on the value of the
used irradiation dose. In both cases almost entire endo-
thelial layer was desquamated. In the major part of exfo-
liated endothelial cells the signs of destruction were evi-
dent (Fig. 6). Sub-endothelial layer was represented by
aloosened connective tissue, containing unfibered CF.

In tunica media structure the elastic membranes
and collagen fibers were mainly preserved after ‘sepa-
rate’ irradiation according to two regimens (Fig. 7).
SMC nuclei contained heterochromatin of a high elec-
tron density along the karyolemma as well as widened
perinuclear space. Cytoplasm was vacuolized, espe-
cially on cell periphery. The signs of swelling, destruc-

a a
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6 ' ' b

Puc. 7. Beicokas crenens coxpanHoctu ctpykTypsl OM (EM) n KB (CF) nociie “n3011poBaHHOT0” 00Ty YeHHS 110 PEXUMY 2;
N —sapo; SMC —TI'MK.
Fig. 7. High preservation degree of EM and CF structure after ‘separate’ irradiation according to the regimen 2; N —nucleus.
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Puc. 8. CtpykTypa Meauu apTepuu 1ocie “u30JIMpOBaHHOTO” 00IydeHus 1o pexumy 2: a — gectpykuns I MK (SMC),
PAacIIOIOKEHHBIX MEX Iy IByMs OM; 6 — THIHYHBIE U3MEHEHUS YIBTPACTPYKTYPBI MHOIIMTA (BaKYOIHM3aLHsI TUTOILIa3MBbl,
HCTOHYCHHUE [IUTOILIA3MATHYECKOTO ¢J10s1, KOHTAKT sipa (N) ¢ 6asansHOi MemOpanoit MK (ctpenka)); EM — snactudeckas
MemOpaHa; M — MUTOXOHIpUSI.

Fig. 8. Structure of artery media after ‘separate’ irradiation according regimen 3: a — destruction of SMC, located between
EM; b — typical changes of myocyte ultrastructure (cytoplasm vacuolization, thinning of cytoplasm layer, contact of

nucleus (N) with basal membrane of SMC (arrow)); M —mitochondria.

3TOTO CJIOSI, TPOSIBUBIIASCS B BUAE Pa3pyILEHUS siIep
U LUTOIUIa3MaTHYECKUX OpraHeul 3HJOTEIMOLUTOB
(puc. 11). BuyTtpennss snacrudeckas MeMOpaHa co-
XpaHsijla CBOIO LIEIOCTHOCTb.

Hna I'MK, mHaxomsimuxcsi Ha pa3HBIX ydacTKax
MEJIMH, XapaKTepHa HEOANHAKOBAs CTETICHb CTPYKTYP-
HEIX ToBpexaeHmii. Yacte [ MK comepikaiia oTpocT-
9aThle s[pa C MApTHHAIBHBIM PACIOIOKEHUEM XPO-
MaTHHA, IPOCBETICHUEM KapHOIIa3Mbl U Pas3iInd-
HBIMH BKJIFOUCHUSAMH, KOTOPbIE, BEPOATHO, SIBIISIOTCS
pe3yabTatoM CcTpykTypHO# Mmoaudukamuu JHK mox
JeiCTBUEM HOHU3UPYIOLETo 00nyueHus (puc.12).

Puc. 9. Coxparnocts crpykrypsl OM (EM) u KB (CF) mocne
“U30JIMPOBAHHOTO” OOJIyUEHHMS 110 PeXKUMY 1.

Fig. 9. Preserved EM and CF structure after ‘separate’ irra-
diation according to the regimen 1.
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tion of cristas and matrix enlightening were charac-
teristic for mitochondria. Cisterns of endoplasmic re-
ticulum (EPR) were widened, especially in the perinu-
clear zone (Fig. 8b).

There was observed a focus lysis of plasmolemma
and fragmentation of SMC basal membranes. It should
be noted that after ‘separate’ irradiation according the
regimen 1 in artery media there was found a signifi-
cant amount of strongly destroyed SMC and large elec-
tron-light cavities, containing cell dendrites (Fig. 8a).
The zones of collagen fibers' attachment to elastic mem-
branes were almost not damaged (Fig. 9).

Puc. 10. CoxpaHHOCTh 0a3abHOW MEMOpPaHbI SHIOTEITHS
(cTpenka) moce ero JeCKBaMalliy OCIe 3aMOPAKUBAHUS
1 00JTy4eHHUsI 110 peKUMYy 1.

Fig. 10. Preserved basal membrane of endothelium (arrow)
after its desquamation after freezing and irradiation accor-

ding to the regimen 1.
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Puc. 11. YnsTpacTpyKTypa S3HIOTENUS U HOIIHIOTEINAIBHOTO CIIOS NTOCIe 3aMOPaKUBAHUA-0TOTPEBa U 0OIyUYeHUS 110
pexxumam 1 (a) u 2 (6); N —simpo; IEM — BOM; CF —KB; EM —OM.
Fig. 11. Ultrastructure of endothelium and sub-endothelial layer after freeze-thawing and irradiation according to the

regimens 1 (a) and 2 (b); N —nucleus.

B okonosiaepHoil 30HE BaKyOJIU3UPOBAHHOWU IU-
TOIUTa3MBbl OMPENESUINCh PACIIMPEHHBIE ITHICTEPHBI
OIIP u HaOyxmme NpOCBETIIEHHBIE MUTOXOHAPHH C
YaCTUYHOU WIIM MTOTHOW yTpaTol uMu KpucT (puc.13).
Crenyer OTMETHTBD, UTO B 3THX KJIETKaX COXpaHsAIach
LEJIOCTHOCTh LIUTOJIEMMBI, a X 0a3ajbHble MeMOpa-
HBI OBIITH parMEeHTHUPOBAHBL.

B cpenneit vacTi Metuu MeXIy COCETHUMU dJIac-
TUYECKUMHU MeMOpaHaMH OOHAPYKHUBAIKCh OOILIUP-
HBIE JICKTPOHHO-CBETIIBIC TIOJIOCTU C ()parMeHTaMH
paspymenasix I MK (puc. 14). Dmactuaeckue MeM-
OpaHbl U IMyYKH KOJUIAT€HOBBIX BOJIOKOH 3KCTpaIe-

Puc. 12. ®parment ' MK Meaunu aprepun mociie 3aMopaxku-
BaHUs M 00ydeHus 1o pexxumy 1. Hapyrenue yasrpacTpyk-
TYpBI siIpa B BUIE JIEKTPOHHO-CBETIIBIX BKIIFOUCHHH Pa3HOM
(dbopMBbI U pa3mepa.

Fig. 12. Fragment of SMCs of artery media after freezing and
irradiation according to the regimen 1. Disorder of nucleus
ultrastructure as electron light inclusions of different shapes
and sizes.
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Analysis of the state of arterial wall after a com-
bined effect of freeze-thawing and following irradia-
tion according to one of two regimens, differing by the
dose, did not reveal a significant difference in their ul-
trastructure. Endothelial layer in these samples was
completely absent. Basal membrane was predominantly
preserved (Fig. 10).

Sub-endothelial layer consisted of loosen connec-
tive tissue, comprising dissociated bunches of CF and
clusters of amorphous elastin. There was found the
destruction of this layer cell elements, manifested in
the destruction of nuclei and cytoplasmatic organelles
of endotheliocytes (Fig. 11). Inner elastic membrane
preserved its integrity.

For SMC being in various sites of tunica media non-
uniform degree of structural damages was character-
istic. The part of SMC contained spike-like nuclei with
marginal location of chromatin, enlightening of cyto-
plasm and different inclusions which likely resulted from
DNA structural modification under the effect of ioniz-
ing irradiation (Fig. 12).

In the perinuclear zone of vacuolized cytoplasm we
found widened cisterns of EPR and swollen enlight-
ened mitochondria with partial or complete loss of
cristas (Fig. 13). It should be noted that in these cells
the cytolemma integrity was preserved and their basal
membranes were fragmentized.

In the middle part of tunica media between neigh-
boring elastic membranes a vast electron-light cavities
with the fragments of destroyed SMC were revealed
(Fig. 14). Elastic membranes and bunches of collagen
fibers of extracellular connective tissue matrix mainly
preserved their structure (Fig. 14, 15).

Zones of attachment of collagen fibers to elastic
membranes were almost not damaged (Fig. 16).
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Puc. 13. Ynerpactpykrypa ' MK (SMC) nocne 3amopaxuBanust 1 o0ay4enus no pexxumanm 1 (a) u 2 (6); CF — KB; EM —

OM; N — saapo.

Fig. 13. Ultrastructure of SMCs after freezing and irradiation according to the regimens 1 (a) and 2 (b); N — nucleus.

JIONSPHOTO COCMHUTEIHLHOTKAHHOTO MAaTPHUKCa B
OCHOBHOM COXPAaHSIJIN CBOIO CTPYKTYpY (puc. 14, 15).

30HBI MPUKPEIUICHUS KOJIJIAr€HOBBIX BOJIOKOH K
3IACTUHOBBIM MeMOpaHaM MPaKTUIECKH HE TIOBPEXK-
neHsl (puc. 16).

[Mony4yeHHBIE AIEKTPOHHO-MHUKPOCKOTTHYECKHE
JAHHBIC XOPOIIO KOPPEITUPYIOT C pe3ylbTaTaMH 10
YBEJIIMYCHHIO POYHOCTH ICBUTAIM3UPOBAHHBIX apTe-
pUi B IPOJOIHLHOM H PaAHAIbHOM HAIIPABJICHISX [2,
3]. C Harmeii Touku 3peHus1, N3MEHEHUS MEXaHNIeCKOM
MIPOYHOCTH apTEPUIl MOTYT OBITH CBSI3aHBI C YaCTUY-

The obtained electron microscopic data are in well
concordance with the results on the increased strength
of devitalized arteries in longwise and radial directions
[2, 3]. We believe that changes in mechanical strength
of arteries may be related to either partial or complete
destruction of SMC, providing normally the natural spa-
tial distribution and maintaining of the carcass. The de-
struction of muscular layer cells leads to the formation
of internal cavities in the spaces between membranes,
providing the approaching of elastic membranes, as well
as elevated structural rigidity of vascular wall.

Puc. 14. YyacTok MeIuH apTEepPHH C MTOTHON IeCTPYKITUEH
I'MK B BHIE 31€KTPOHHO-CBETIIBIX ITOJIOCTEH (*), OKpYKEH-
HBIX OasanpHbIMH MeMmOpanamun ['MK (ctpenxka), mocie
3aMOpaKUBaHUs U 00sydeHus 1o pexumy 1; EM — OM.

Fig. 14. Ultrastructure of artery tunica media with complete
destruction of SMCs as electron light cavities (*), surrounded
by basal membranes of SMC (arrow) after freezing and irra-
diation according to the regimen 1.
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Puc 15. ®parments! paspymenasix I MK (crpenka), pac-
MOJIOKEHHBIX MEXy IBYMsI COXPaHEHHBIMH DJIaCTHYEC-
KIMH MEMOpaHaM¥, B MEJTUH apTEPUU MTOCTIC 3aMOPaKHUBa-
HUsl 1 o0nyuenus o pexumy 2; SMC — 'MK; CF — KB;
EM -DM.

Fig. 15. Fragments of destroyed SMC (arrow) located be-
tween two preserved elastic membranes, in artery tunica
media after freezing and irradiation according to the regimen 2.
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Puc. 16. YuacTkn coequHEHNS KOJUIaT€HOBBIX BOJIOKOH U
JIACTUYECKUX MEMOpPaH MENH apTEPHH ITOCIIE 3aMOPaKH-
BaHUs ¥ 00yyenns o pexxumy 1; CF —KB; EM —DOM.

Fig. 16. Sites of joining collagen fibers and elastic membra-
nes of artery media after freezing and irradiation according
the regimen 1.

HBbIM WM MOJHBIM paspymieHuem ['MK, obGecneun-
BaOIINX B HCXOJHOM COCTOSIHHH €CTECTBEHHOE IPO-
CTPAHCTBEHHOE paclpeesicHUE U yIep)KaHue KapKa-
ca. Pa3pymenue KJII€TOK MBIIIIEYHOTO CJIOS IPUBOIUT
K 00pa30oBaHUIO BHYTPEHHUX IIOJIOCTEH B MEXMEM-
OpaHHBIX IPOCTPAHCTBaX, oOecreurBas COMIKEHHE
3NMAaCTHYECKUX MEMOPaH, a TAK)KEe MOBBIILICHHE CTPYK-
TYpPHOMH JKECTKOCTU COCYAUCTON CTEHKH.

Kpome Toro, 3HaunTenapHOE BIMSIHUE Ha MPOY-
HOCTHBIE CBOWMCTBA apTEpHH MOXKET OKa3bIBaTh pa3-
PBIXJIEHHE KOJUTAr€HOBBIX ITYYKOB BCIIEACTBHE H3Me-
HEHUS MEKOEJIKOBBIX B3aUMOJICHCTBUI M, BO3MOKHO,
(hopMHPOBaHUSI MOMEPEUHBIX CITMBOK MOJIEKYN KOJI-
JIareHa.

BbiBOADI

KomOuHHUpOBaHUE 3aMOpaXKHBAHUA-OTOTPEBA U
HOHHM3HUPYIOIIETO OOTyYSHHS MPUBOIMT K OOJIEe MOTHON
JICBUTATHM3AIUN (ParMEHTOB apTepuil CBUHBH C CO-
XPaHCHUEM DJIACTUYCCKUX MEMOPaH U My4YKOB KOJIIa-
TCHOBBIX BOJIOKOH, @ TAKKE WX MPOCTPAHCTBEHHBIX
B3aMMOCBsI3€H 110 CpaBHEHUIO ¢ KprooOpaboTkoii. Bo
BCEX CIyYasiX DKCHEPUMEHTAIBHOTO BO3JEHCTBUS
HaunboJee 4yBCTBUTEIHLHBIM KOMIIOHEHTOM B CTPYKTY-
pe apTepuu ObLTH KJIETOYHBIE JJIEMEHTHI i HEITOCPE/I-
CTBEHHO KOHTAKTHPYIOIIHE C HUMU 30HBI KOJUTAreHO-
BBIX BOJIOKOH. YCTAHOBJICHO, YTO KapKaCHBIE CTPYKTY-
pHI (31acTHYEeCKue MEMOpPAHBI U CBS3aHHBIC C HUMHU
MyYKH KOJUTAr€HOBBIX BOJIOKOH) 00Jiee yCTOMUUBHI K
HCTIOTb3YEMBIM BO3/ICHCTBHSAM U MEHEE MOIBEPKCHBI
CTPYKTYpPHOU Jerpaaiuu.
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In addition a considerable effect on strength prop-
erties of artery may be rendered by loosening of colla-
gen bunches due to change in interactions between
proteins and probably the formation of cross-linkings
of collagen molecules.

Conclusions

Combination of freeze-thawing and ionized irradia-
tion results in more complete devitalization of porcine
artery fragments with preserving elastic membranes
and bunches of collagen fibers as well as of their spa-
tial relationships if compared with the cryotreatment
solely. For all the cases of experimental exposures the
most sensible components in the artery structure were
the cell elements and the zones of direct contacts be-
tween collagen fibers and cells. It has been established
that skeleton structures (elastic membranes and the
bunches of collagen fibers connected to these mem-
branes) were resistant to the applied exposures and
less subjected to structural degradation.
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