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Effect of Cryopreserved Placenta Tissue Implantation
on Myocardium Morphology Under Experimental Atherosclerosis

[Toxa3zaHo, 4TO BBEJICHHE AIUIOT€HHON KPUOKOHCEepBUpoBaHHOU TKaHH 1uianeHTsl (AKTII) Ha GoHe OTMEHBI aTepOTeHHO THETHI
YCKOPSIJIO Perpecc arepockiIepo3a B MArHCTPaIbHBIX BETBSIX KOPOHAPHBIX apTepHil M MPUBOAMIO K HEOAHTHOTCHE3y HHTPaMypalbHbIX
COCYZIOB MHOKAapa, 9TO HOATBEPKACHO JOCTOBEPHBIM yBEINYEHHEM HX KOJTHIECTBA HA SIUHUILY IUIOMAAN CEPACTHON MBIIIIIBL.

Knioueswvie cnosa: aTEPOCKIIEPO3, IUIall€HTa, MUOKapA.

IMokazaHo, 1110 BBE/ICHHSI aJIOreHHOT KpioKoHCcepBoBaHOI TkaHuHH riateHTn (AKTII) Ha T1i BigMiHK aTepOreHHO]T Ji€TH IPUCKOPIOBAIIO
perpec arepockiIepo3y y MariCTpajibHUX TiIKax KOPOHAPHHX apTepiil Ta BUKJINKAJIO HEOaHTi0TeHe3 IHTpaMypalIbHUX CYANH MioKap/a,
1110 TiATBEPHKEHO BipOTiAHUM 301IBIICHHSM iX KiJIbKOCTI Ha OJMHUIIIO TUTOII CEPIIEBOrO M's13a.

Knrouosi cnosa: arepockiiepos, IialeHTa, MioKap/.

Administration of allogeneic cryopreserved placenta tissue (ACP) on the background of termination of atherogenic diet has been
shown to accelerate the atherosclerosis regression in the great branches of coronary arteries and resulted in neoangiogenesis of myo-
cardium intramural vessels, which was confirmed by the statistically significant rise in their number per unit of cardiac muscle area.

Key words: atherosclerosis, placenta, myocardium.

N3BecTHO, 4TO ajuioreHHas KpHOKOHCEPBUPOBAH-
Has TkaHb mianedTsl (AKTII) npumensiercs s me-
YEHHUS aKyIIEPCKOW U THHEKOJIOTHUYECKOM NaTo0TUH,
caxapHOro auabera u UIIeMHYECKOi O0NIe3HH cepana
[2, 3, 5]. OnucaHo MO3UTUBHOE BIUSHUE BBEICHUS
[IpernapaToB IUIAEHTHI, TOATBEPKIEHHOE KIIMHUYEC-
KHMH METOJIaMH HCCIIeA0BaHNUs (TIOKa3aTeNu JINMTHA-
Horo oOmena, nanneie ODKI, ynyumenue kadectna
KM3HU NALMEHTOB U T. 1.). Mopdonornyeckuii aHamms3
MHOKap/ia Mociie BBEASHH MPEenapaToB IUTAleHTHI He
TIPOBOIHIICSL.

Lenb paboThl — yCTAaHOBUTH HAa MOJEIHU aTepo-
ckieposa u npu BBeaenuu AKTII mopdonornyeckue
M3MEHEHUS B MUOKap/Ie IKCTIEpUMEHTAIBHBIX JKUBOT-
HBIX.

Martepuanbl n metoanl

OKCTIIEpUMEHT MPOBOAMIHN Ha 12-MECIIHBIX KO-
nrKax-camiax nopoasl “Iluammna” maccoi 3500—
4200 1. JKuBoTHBIE B TeUCHHE 6 MeCAIeB HaXOIUIIHCh
Ha XOJICCTCPUHOBOU aueTe (5 IHEW B HENeNlo UM
BBonunu xonecrepun (Poccust) B go3e 200 mr/kr
Macchl Tena per os) [1]. DkcriepuMeHTaIbHBIC JKUBOT-
HbIE OBUTH paclpe/ieICHbI Ha TPYIIBI: [ — KOHTpOIbHAS
(uaTaktHBIe 1 = 5), Il — Momenp arepockiieposa
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Allogeneic cryopreserved placenta tissue (ACPT)
is known to be applied to treat obstetrical and gyneco-
logical pathology, Diabetes mellitus and ischemic heart
disease [2, 3, 5]. There has been described a positive
effect of the administration of placental preparations,
confirmed with clinical research methods (indices of
lipid exchange, ECG data, improvement of life quality
of the patients etc.). No morphological analysis of myo-
cardium after introduction of placental preparations has
been performed yet.

The research aim is to examine in atherosclerosis
model and during ACPT administration the morpholo-
gical changes in myocardium of experimental animals.

Materials and methods

The experiment was performed in 12 month-old
male Chinchilla rabbits of 3,500—4,200 g. The animals
during 6 months had a cholesterol diet (5 days in a
week they were administered with cholesterol (Russia)
in a dose of 200 mg/kg of body mass per os) [1]. Ex-
perimental animals were divided into the groups: [ —
control (intact animals n = 5), [1 — animals with model
atherosclerosis (n = 23); all the animals were kept in
standard conditions of vivarium. After achieving the
peak of the model (6 months of feeding with choleste-
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(n=23), KUBOTHBIE COEPKATUCH B CTAHJAPTHBIX yC-
noBusx BuBapus. [lociie ZOCTIKEHMS KA MOJENH
(6 MecsLEeB KOPMIICHHUSI XOJIECTEPHHOM) >KUBOTHBIE
rpynnsl [I Oputn paznenensl Ha moarpynmbsl: 1 —
CIOHTAHHBII perpecc HKCHEPUMEHTAIBHOTO aTepo-
ckiaeposa (n = 10); 2 — Beenenue AKTII Ha ¢one
perpecca arepockineposa (n = 10); 3 — muk Moaenu
(n=23).

[Tocne mpexpamieHus Harpy3KH XOJIECTEPUHOM
JKHBOTHBIM TIOATPYIIITHI 2 B TTONKOKHEIN KapMaH (Ha
CIHMHE) BBOAWIM KPHOKOHCEPBHPOBAHHYIO TUTAIIEHTY B
no3e 130 Mr/kr macchl Tena.

OKCIIEpUMEHTHI NMPOBEIECHBI B COOTBETCTBUU C
“OO0MUMHU PUHITUIIAMEA SKCIIEPUMEHTOB Ha KHUBOT-
HBIX”, omoOpennbMu 111 HanmonansHBIM KOHTpeccoM
no ouostuke (Kues, 2007) u cormacoBaHHBIMH C
nonokeHusiMu “EBporeiickoil KOHBEHIIMH O 3aluTe
[T03BOHOYHBIX JKUBOTHBIX, HCIIONIB3YEMBIX JJISI IKCIIE-
PUMEHTAJIBHBIX U APYrHX Hay4yHbIX 1enei” (CtpacOypr,
1986).

lucromornyueckue cpesbl TKaHel mocie napadu-
HOBOH MPOBOJIKHM OKPAIIHBAIN T€MaTOKCHIMHOM-303H-
HOM, 10 Ban-I'n30n u Beiirepry [3]. KommuecTBo cocy-
JIOB B MHOKap e onpeaessui Ha 1mm? B 10 mossx 3pe-
HUS Ha KaXJOM MUKpOIIpemnapare.

Craructudaeckyro 00paboTKy IMOTy9IeHHBIX PE3Yilh-
TaTOB [IPOBOJIMIIN C MOMOILBIO TpOrpaMMel Statgraph
2.1, ucnonb30BadM HENMapaMeTpUUIECKUN KpUTEepuil
ManHa-YutHu.

Pe3yAbTaThl M 00CyXXAeHHe

I'ucTonornueckn MUOKap] KpOJIMKOB KOHTPOJIBHON
IpymnIel 00pa3oBaH KapIHOMHOLMTAMH, CPENU KOTO-
PBIX BBISBISUINCH MHTPaMypalbHBIE COCYIBI, TPEa-
CTaBJICHHbIE apTepuoIaMu U Kanuwuiipamu. Ctpoma
MHOKapa COAEPKUT HEOOIBIIOE KOTM4eCTBO (huOpo-
071aCTOB U HEXKHBIE MPOCTIONKU KOJIJTAT€HOBBIX BOJIO-
koH. Ilox snukapmom ompenensercs yMepeHHOe KO-
JIMYECTBO )KUPOBOM TKAHU, B KOTOPOH PacIIOIararoTcs
BETBH MaruCTpaJIbHbIX KOPOHAPHBIX apTEPHUHA, UMEIO-
LIMX TOHKYIO CTEHKY. IIpocBeT KopoHapHBIX apTepuit
cnasmuiica. CTeHka oOpa3oBaHa YHIOTENNEM, KOTO-
PBIH HEMTOCPEJCTBEHHO PACIONIOKEH HAa BHYTPEHHEH
3NIACTHYECKON MeMOpaHe.

Ha nuke MomenupoBaHHs 3KCHEPUMEHTAIBHOTO
aTepoCKJIepo3a BOKPYI UHTpaMypaJlbHbIX BETBEH
KOPOHAPHBIX apTepuil oTMeuaeTcs pazpactanue Gpuo-
po3Hoil TKanu. KapauomMuonuTel 60ibiield 4acThio
runepTpoduposansl. CTpoMa OTEIHA, COAEPKHUT yMe-
PEHHOE KOIMYECTBO COENMHUTENBHON TKAaHHU, C O4a-
ramu KpyTJIOKJIeTOYHOW HHGUIbTpanuy. B annkapae
oTMeuaeTcs U30bITOYHOE KOJTMYECTBO KHPOBOH TKa-
HU. ['unepruiasus >kMpoBOH TKaHU MPUBOJUT K TOMY,
YTO €€ YacTh U3 dIHUKap/a IpopacTaeT B MUOKap. IO
XOIly MUHTpaMypaJIbHbIX cocynoB. CTeHKa BETBEH KOPO-
HapHBIX apTEPHU YTOJIIIIEHA 3a CUET THIIEPILIA3UH IT1a-
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rol) the animals of group Il were divided into sub-groups:
1 — with spontaneous regression of experimental athe-
rosclerosis (n = 10); 2 — with administered ACPT on
the background of atherosclerosis regression (n = 10);
3 — peak of the model (n = 3).

After terminating the cholesterol loading the animals
of subgroup 2 underwent the implantation of cryopre-
served placenta tissue into subcutaneous pocket (on a
back) in a dose of 130 mg/kg of body mass.

The experiments were carried-out in accordance
with General Principles of Experiments in Animals,
approved by the 1% International Congress in Bioethics
(Kiev, 2001) and coordinated with the statements of
European Convention on the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986).

Histological sections of tissues after paraffin em-
bedding were stained with hematoxylin-eosin and
according to Van Gieson and Weigert [3]. The number
of the vessels in myocardium was examined per 1 mm?
in 10 vision fields in each micropreparation.

The data were statistically processed using Stat-
graph 2.1 software, there was used non-parametric
Mann-Whitney test.

Results and discussion

Histologically the rabbit myocardium of the control
group is formed with cardiomyocytes, among those
intramural vessels are revealed, represented by arterio-
les and capillaries. The myocardium stroma contains
a small number of fibroblasts and smooth interlayers
of collagen fibers. Under epicardium a moderate
amount of adipose tissue, wherein the branches of thin
wall great coronary arteries were located. The wall
was formed by epithelium, directly located on inner
elastic membrane.

On the peak of modeling of experimental athero-
sclerosis around intramural branches of coronary arte-
ries the fibrous tissue overgrowing is noted. Major part
of cardiomyocytes is hypertrophied. The stroma is
edematous, contains a moderate number of connective
tissue with round-cell infiltration foci. In epicardium
there is found a surplus amount of adipose tissue.
Hyperplasia of adipose tissue results in the expansion
of its part from epicardium into myocardium along
intramural vessels. The wall of branches of coronary
arteries is thickened due to hyperplasia of smooth
muscle cells of middle membrane and formation of
aorta neointima (Fig. 1). In adventitia of vessels there
was found a fibrous tissue overexpansion.

During spontaneous regression of experimental
atherosclerosis a decreased amount of adipose tissue
is noted, both in epicardium and myocardium stroma.
Neointimal thickenings in large branches of coronary
arteries are absent. The middle wall of aorta was still
hypertrophied. In artery media there is found either
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Puc. 1. Mopdosorunueckas xapakTepuCTHKa MHOKapaa U
BETBM MarucTpajbHOM KOPOHAPHOW apTepUU Ha MHUKE
Pa3BUTHUSL MOJENIH SKCIEPUMEHTAIBHOIO aTepOCKIIEpO3a.
Oxkpacka o Ban-I'uzomn, x400.

Fig. 1. Morphological characteristics of myocardium and
branch of the great coronary artery on the peak of deve-
lopment of model atherosclerosis, Van-Gieson’s staining,
x400.

KOMBIIICYHBIX KJIETOK CpeaHel 000I04KH 1 00pa30-
BaHWS HEOMHTUMBI aopThl (puc. 1). B aaBeHTHIMH
COCYZIOB OTMEYAJIOCh pa3pacTanue GruOpPO3HOM TKaHU.

[Ipu cioHTaHHOM perpecce dKCIEPUMEHTATBHOTO
aTepocKiepo3a OTMEUYAeTC s YMEHbBIICHUE KOJTHUECT-
Ba JKUPOBOW TKAHU KaK B DMHKApAE, TaK U CTPOME
MuoKapaa. HeonHTUMaNbHBIE YTOMIIEHHS B KPYITHBIX
BETBSIX KOPOHAPHOH apTepuu OTCYTCTBYIOT. CpeHss
CTEHKa aopThl MO-TIPEXKHEMY runepTpodupoBana. B
cpenHell 000JI0YKe apTepuu OTMEUYAETCsl 04aroBBIN
00 TOTAJTBHBIN HEKPO3 IaJIKOMBIIICYHBIX KIETOK
¢ UX 3aMmelileHreM (GpuOpo3HON TKaHbO. B mepuBac-
KYJSIPHOM MIPOCTPAHCTBE HHTPAMYpPaIbHBIX COCYIIOB
BBISIBISUTacCh (puOpo3Has TKaHb (puc. 2).

[Ipu oT™MEHE XoNecTepuHOBO THUEeTHI Ha (hOHE BBE-
nenuss AKTIT orMedeHbl MOPGOIOTHUECKUE U3ME-
HEHHS B MUOKAapJIE, a TAK)KE B CTEHKE MaruCTPaIbHBIX
Y UHTPaMypaJbHBIX cocynoB. [Ipu 3TOoM B MHOKape
OTCYTCTBAIIU TUCTPOHUICCKUE U HEKPOTHICCKHE U3-
MeHeHHs. KapmoMuOIUTEl MpeICTaBiIeHbl TNIOTHO
YIaKOBaHHBIMU KJICTOYHBIMH 3JIEMEHTaAMH 0e3 IpHU3-
HAKOB OTeka CTpoMbl. CTEHKa MarucTpaabHBIX BET-
Beil KOPOHAPHBIX apTepHUil TOHKAS, B IEPUBACKYISIPHOM
MIPOCTPAHCTBE KUPOBaAs TKAHb OTCYTCTBOBaJIA (pHC. 3).
B nHTEpCcTHIIMM MUOKap/Ia BOKPYT HHTPaMYpallbHBIX
COCY/IOB BBISIBIICHBI COCYAMCTHIE MOYKH, TPEICTaB-
JIeHHBIE 2—3 OTBETBICHHUSIMH, 00pa30BaHHBIMHU MOJIO-
IBIMH SHAOTCTHATBHBIME KIeTKaMu (puc. 4).

Kak BuIHO U3 npeicTaBleHHBIX TAHHBIX, IPH MO-
JEeTUPOBAaHUU aTEPOCKIEpO3a JOCTOBEPHO YMEHb-

npobnemobl
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Puc. 2. Mopdonornyeckas xapakTeprCTHKa MaruCTPATLHON
BETBU KOPOHApPHOHN apTEpHU IPH PErpecce HKCIEpUMEH-
TaJIbHOTO aTepockiiepo3a. OTcyTCTBHE HEOMHTUMBI. Mol-
HBIH IEpUBACKYIISIPHBIA QyTIIsIp *KUpoBOH TKaHH. OKpacka
o Betirepry, x200.

Fig. 2. Morphological characteristics of branch of the great
coronary artery during regression of experimental athero-
sclerosis. Absence of neointima. Powerful perivascular case
of adipose tissue. Weigert’s staining, x200.

focal or total necrosis of smooth muscle cells with their
substitution by fibrous tissue. In perivascular space of
intramural vessels the fibrous tissue was revealed
(Fig. 2).

After termination of the cholesterol diet on the
background of ACPT administration there were noted
morphological changes in myocardium as well as in
the wall of great and intramural vessels. Herewith in
myocardium no dystrophic and necrotic alterations
were found. Cardiomyocytes were presented with
tightly packed cell elements with no signs of stroma
oedema. The wall of great branches of coronary
arteries is thin, there was no adipose tissue in perivascu-
lar space (Fig. 3). In myocardium interstitium around
intramural vessels the vascular buds were revealed,
represented with 2-3 rami formed with young endo-
thelial cells (Fig. 4).

As the presented data show, under model athero-
sclerosis the number of intramural vessels reduced
statistically and significantly per unit of myocardium
area, it makes 2.5 £ 1.5 unit/mm? versus the control
4.5+0.5 (p <0.05).

After termination of the feeding of animals with
cholesterol the number of intramural vessels in myo-
cardium was not increased and even was somewhat
reduced (2.36 +0.36). However, during atherosclerosis
regression on the background of ACPT implantation
the number of intramural vessels in myocardium
increased up to 5.0 £ 1.0, even exceeding the control
values.
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Puc. 3. Mopdosoruyeckas xapakTepucTHKa MUOKapa Npu
perpecce 3KCIEPUMEHTAIBHOTO aTepockiepo3a Ha (oHe
BeeneHnst AKII. OtcyTcTBre HEKPOOHMOTHIECKNX H3MEHEHHH
B KapauomMuouuTax. CTeHKa BEeTBH MarucTpaIbHON apTepHu
TOHKasI, COCy craBimniics. OTCyTCTBHE XHUPOBOH TKaHU B
MIEPUBACKYJISIPHOM IpocTpaHcTBe. OKpacka reMaTOKCHIIH-
HOM 1 303uHOM. X200.

Fig. 3. Morphological characteristics of myocardium during
regression of experimental atherosclerosis on the back-
ground of ACP administration. Absence of necrobiotic
changes in cardiomyocytes. Thin wall of the branch of great
artery, collapsed vessel. Absence of fat tissue in perivascular
space. Hematoxylin and eosin staining, X200.

[IAeTCsl KOJIMYECTBO MHTPaMypajbHBIX COCYIOB Ha
eIMHUIlY IUIoMa M Muokapaa (2,5 + 1,5 ex/mm?) o
cpaBHEHUIO ¢ KoHTposeM (4,5 £ 0,5, p <0,05).

Ha ¢one mpekpamenns KOpMIICHUS >KUBOTHBIX
XOJIECTEPUHOM KOJIMYECTBO HHTPAMYPAJIBHBIX COCYI0B
B MHOKapjie HE yBEIMYMBAJIOCH U JJAXKE HECKOIBKO
ymeHpianoch (2,36 + 0,36 ex/mm?). OngHako npu
perpecce arepockiiepo3a Ha (oHe BBeaenus AKTII
KOJIMYECTBO MHTPaMypajbHBIX COCYAOB B MHOKape
yBenmuuBaioch (5,0 + 1,0), maxke mpeBbIas KOHT-
pPOTBHBIC 3HAYCHMSL.

[Tonydyennsle naHHBIE CBUIETEILCTBYIOT O TOM,
YTO pa3BUTHE HKCIEPUMEHTANIBHOIO aTEpOCKIIEpO3a
B a0pT€ M MaruCTPaIbHBIX apTePHsIX MHOKapa *KH-
BOTHBIX NMPUBOAMT K YTOJIICHUIO WHTUMBI 32 CUET
MUTPAllUH TIaJKOMBIIIEYHBIX KJIETOK U3 MEIUU U UX
MIPEBPALLEHHUIO B IEHNUCTHIE KIETKU. [Ipn yMeHbIIeHNN
IuaMeTpa apTepuil HaOIogaeTcsl PeayKIus KpOBO-
TOKa B 0acceiiHe MHTPaMypalibHBIX COCYIOB MUOKap-
714, YTO MPUBOJUIIO K TUCTPOPHUIECKUM H3MEHEHUSIM
B KapAaromuonuTax. Kpome Toro, runepuiazus ;«upo-
BOM TKAaHHM 3IIMKAp/a U €€ BpacTaHUE B MHTEPCTULIUI
COTPOBOKJATUCH pa3pacTaHUEM COEIMHUTEIbHOMN
TKaHU C 04aroBOW KPyIJIOKJIETOYHOM HHPHUIBTPALIUCH.
OueBuHO, 3TH MOP(OIOTHUECKIE N3MEHEHUS B MHO-
KapJie He CIIOCOOCTBOBAIM €r0 HEOAHTHOTEHEe3y Ha
(hoHe pemyKIuu KpOBEHATIOTHEHUS HHTPaMypPaTbHBIX
BETBEI KOpOHapHBIX apTepuil. OgHako uepes 6 Henenb
Mocje MpeKpaleHnuss KOPMIEHHUS XOJeCTEpUHOM
MOJIHBIN pEerpecc U3MEHEHUI B MUOKAPE HE IPOU30-
el U KOJUYECTBO MHTPaMypPaJbHBIX COCYAOB HE
yBenuunBanock. B pesynerare BBenenus AKTII ot-

Puc. 4. HeoBackymnsipuzarusi MUOKapAa Ipy CIIOHTaHHOM
perpecce Ha ¢one BBeaenust AKIL. @opmuposanue “cocy-
JUCTBIX MOYEK~ B MUOKapJe, COCTOSIIMX U3 “MOJI0OA0r0”
sHpotenus. OKpacka reMaTOKCHIIMHOM U 303UHOM, X400.

Fig. 4. Neovascularization of myocardium during sponta-
neous regression on the background of ACP administration.
Formation of “vascular buds” in myocardium, consisting
of young endothelium. Hematoxylin and eosin staining, x400.
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Thus the findings testify to the fact that the develop-
ment of experimental atherosclerosis in aorta and great
arteries of animal myocardium leads to the thickening
of intima due to migration of smooth muscle cells from
media and their transformation into foam cells. During
decreasing the diameter of arteries there is observed
the reduced blood stream in the basin of intramural
vessels of myocardium, resulted in dystrophic changes
in cardiomyocytes. In addition, hyperplasia of epicar-
dium adipose tissue and its expansion into interstitium
were accompanied with focal round-cell infiltration.
These morphological changes in myocardium likely did
not contribute to its angiogenesis on the background
of reduction of blood filling of intramural branches of
coronary arteries. However, 6 weeks later the termi-
nation of feeding with cholesterol no complete regres-
sion of alterations in myocardium took place and the
number of intramural vessels did not increase. As the
result of ACPT administration there were found the
increased regression of atherosclerosis in great bran-
ches of coronary arteries and neoangiogenesis of intra-
mural vessels of myocardium, which was confirmed
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MEUYEHBl YCKOPEHHBIN pPEerpecc arepocKiiepo3a B Ma-
TUCTPAJIbHBIX BETBSIX KOPOHAPHBIX apTepUil U HEOAH-
TUOT€HE3 UHTPAMYPAIBHBIX COCYAOB MHUOKApJa, 4TO
MOATBEPKICHO 10 CTOBEPHBIM YBEIIMYEHUEM UX KOJIU-
YEeCTBA Ha €MHULY [UIOIIAIN CEPACYHOMN MBIIIIIBI.

BbiBOAbBI

[TonyueHHble naHHBIE YKA3bIBAIOT HA TO, YTO BBE-
nerane AKTII cmocobcTByeT HEOAaHTHOTEHE3Y B YCKO-
pEeHHOMY 0OpPaTHOMY Pa3BUTHIO SKCIIEPHUMEHTATHHOTO
aTepOCKIIEp03a B MaruCTpajbHbIX apTEPUSIX.
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with statistically significant rise in their number per
unit of cardiac muscle unit.

Conclusions

The findings point to the fact that the administration
of ACPT contributes to neoangiogenesis, and accele-
rated reverse development of experimental athero-
sclerosis in great arteries.
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