DOT:10.15360,/1813-9779-2016-5-8-15
Original Observations

HAHOCTPYKTYPA UHTUMbI AOPTbBI YEJIOBEKA
ITPU PASBBUTHUU ATEPOCKJIEPO3A
(MOKCKOBO-3KCIIEpUMEHTaJIbHOE HCCe/I0OBaHue )

A. M. Toary6es', B. B. Mopos', E. K. Kosnosa'?, B. A. Ceprynosa’, O. E. Iyakosa',
M. A. Tony6es®, B. H. Kanununuecuko’, A. M.UepHubrmr"?

' HUM obmeii peanumaTosioruu uM. B. A. Herosckoro,
Poccust, 107031, . MockBa, ya. IleTpoBka, 1. 25, cTp. 2
* Tlepsbrit MOCKOBCKUT rocyrapcTBeHHbIH MeauinHcknil yauBepceuter uM. V.M. CeuenoBa Mumszapasa Poccun,
Poccust, 119991, r. MockBa, ya. Tpyb6erikast, 1. 8, cTp. 2
* 000 «Koprmoparust « MeIUIITHCKIE JIEKTPOHHBIE TAHHbBIES,
Poccust, 107045, r. MockBa, CpeTeHCK1il TYIIUK, /1. 4
* HUW oprannveckux MoJyrnpojiyKTOB U KpacuTesei,
Poccus,123001, . Mockaa, yi. B. CanoBas, nom 1, . 4

Nanostructure of Human Aortic Intima in Atherosclerosis
(A Pilot Study)

A. M. Golubev', V. V. Moroz', E. K. Kozlova'?, V. A. Sergunova', O. E. Gudkova',
M. A. Golubev?, V. N. Kalinichenko®, A. M. Chernysh'?

''V. A. Negovsky Research Institute of General Reanimatology,
25, Petrovka Str., Build. 2, Moscow 107031, Russia
*1. M. Sechenov First Moscow State Medical University, Ministry of Health of Russia,
8, Trubetskaya Str., Build. 2, Moscow 119991, Russia
* Corporation «Medical electronic data», Ltd.,
4, Sretensky tupik, Moscow 107045, Russia
" Research Institute of Organic Intermediates and Dyes,
1, B. Sadovaya Str., Build. 4, Moscow 123001, Russia

ue]lb pa60TbI — IPOBECTU aHaAJIN3 HAHOCTPYKTYPbI MHTUMbBI aOPTbI YEJIOBEKA ITPU aTEPOCKJIEPO3E U ITOKA3ATH
BO3MOJKHOE Z[eﬁCTBHe IIperapaTa «HMOAEKC» Ha aTEPOCKIIEPOTUIECKUE OMIAIIKY.

Marepuas u metozpr: O6pasiibl HHTUMbI A0PThI MOJIY YA 13 YYACTKOB C IIPU3HAKAME aT€POCKIEPOTUYECKUX U3-
MEHEHUIT Ha PA3JIMYHBIX dTanax ux hopmupoBatst. DparMeHTbl A0PT MHKYOHUPOBAIN B PACTBOPE, COIMEPIKAIIEM IHK-
JofiekeTprHbl. B pabore nenoszosanu pactBop npenapata HUOJIEKC — npornuieHrinKoeBblii a¢hup Geta-1ukiIo-
JekcTprHa. Ha mpeIMeTHBIX CTeKIaX ¢ MOMHIN3HHOM (hOPMUPOBATN CJIOH WHTUMBI a0pThl. OGpasIbl MOMEIIAIN B
pabouyio 30Hy aTOMHOTO CUJI0BOrO MUKpockora <« urerpa [Tpumas (NT-MDT, PD) u ckaHUpOBaiu OBEPXHOCTH UC-
caiestyeMbix 00pasios. Yucso touek ckanupoBarust — 512, mosist ckanuposatust: 100X100 mxm, 2000<2000 HM.

Pesyabrarel. [IpoBezena kiaccudukaryst 06beKTOB HAHOIIOBEPXHOCTH, BBIIEJIEHBI XapaKTepHble (hParMeHTHI:
Kparepbl, XpeOTbl, TpabeKy IsIpHbIe HUTH, JIaHbl KOJIMYECTBEHHbIE OLIEHKU X pasMepoB. Boigesnero 27 pparMeHToB,
KOTOpbI€ MICHTU(UIIUPOBAIUCH KAK PACTYIIHE X0JIeCTepUuHOBbie Ok, 13 Hux B 061actu XpeOTOB BbIIeIEHbI
16 dparmentos ¢ pasmepamu 900—1200 uwm, a B o6aactu kparepos — 11 (600—1050 um). [leiictBue mpemapara
<HUOJIEKC» BBI3BIBAIIO IECTPYKITHIO JIUTTUHBIX TISITEH U CIIAKIBAHUE TTOBEPXHOCTH NHTUMBL. V3 27 unentudurm-
POBaHHBIX 00BEKTOB OOJIbIIE TIOJIOBUHBL — 15 ymenbiuiu cBoii pasmep Ha 30% u 6osiee (B cperrem g0 340—400
um). Y 7 dparmentos crkenue coctapuiio (10—15)%, y ocrambubix 5 hparMeHToB CHUKEHNE BBICOTH 00pa3oBa-
s 6110 Menee 10%.

3akimoueHue. Hpel[BapI/ITeJIbeIe PE3YJIbTAThI TO3BOJIAIOT MPEAIIOJIOKUTD, YTO BO3/IEliCTBUE Iperaparta «H1uo-
JIEKC» Ha MHTHUMY aOpPThbI BEJAET K 3aM€/IJIEHUIO 1 CHUKEHUTIO MHTEHCUBHOCTU ITPOIECCOB (l)OpMI/IpOBaHI/IH aTE€POCK-
JIEPOTUYECKUX OaANIeK Ha (I)paI‘MeHTaX MHTUMBI.

Kmouesvte cnosa: unmuma aopmol 4ejnloeexka, amepockiepomuuecKue 6fmumu; Huoaeicc; HaHoCmMpyxmypa,
AmoMmMHas CUNL06a41 MUKPOCKONUSL
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OPMI‘MHQAI)HLIC UCCACAOBAHWUI

Objective: to analyze the nanostructure of human aortic intima in atherosclerosis and demonstrate the poten-
tial effect of Niodex on cholesterol plaques.

Materials and methods. Samples of intima were taken from those parts of aorta, where different stages of ath-
erosclerotic chages were obvious. Aortic samples were incubated in a solution containing cyclodextrins. A solution
of NIODEX, a propylene glycol ester of beta-cyclodextrin, was used in the study. A layer of aortic intima was
formed on the glass slide surface with polylysine. The samples were placed into the working area of an atomic-force
microscope (Integra Prima, NT-MDT, Russian Federation), and their surfaces were scanned. The number of imag-
ing points was 512; and the imaging regions were as follows: 100X100 xm, 20002000 nm.

Results. Classification of nanosurface objects was performed and typical fragments (craters, ridges, and trabecu-
lar fibers) were identified, and quantitative assessment of their sizes was carried out. 27 fragments were identified as
growing cholesterol plaques. 16 of them measuring 900—1200 nm were identified near ridges, and 11 near craters
(600—1050 nm). Niodex caused destruction of lipid spots and smoothing of the intima surface. More than a half of
the 27 identified objects (15) demostrated a 30% and more decrease in size (median 340—400 nm). A 10—15%
decrease was registered in 7 fragments; in the remaining 5 fragments, the decrease in the lesion size was less than 10%.

Conclusion. Raw data permit to suppose that the effect of Niodex on the aortic intima results in decceleartion

and decreased intensity of atherosclerotic plaque growth on the intima fragments.
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Beenenue

KioueBas posib B 1arorenese arepockJieposa
OTBOJUTCS MOBPEKACHUIO 9HIOTEINATBHBIX KJIETOK,
B yacTHOCTH, rankokasimkey [1]. VI3BecTHO, uTO aTe-
POCKJIEpO3 a0PTHI PA3BUBAETCS B HECKOIBKO CTa/INI.
Brauaste a0 06pasoBatiie TUMHAHOTO msaTHA. Ha Ta-
KUX YYaCTKaX 00Pa3yIoTCst KOMILTEKCH COeMHEHHIT,
COCTOSIIIIE U3 JUMHAOB (MTPEeNMYTIECTBEHHO XO0JIec-
TepuHa), GETKOB U MTPOUCXOIUT WX OTIOKEHNE B WH-
THMe. 3aTeM 3TO pa3pacTaHie B YIaCTKaX >KUPOBBIX
OTJIOKEHUN MOJIOZION coenHuTeabHON TKanu. Ilo-
CTeTleHHO neT (OpPMHUPOBAHUE aTepOCKJIepOTHIeC-
KO¥i OJISIIIIKH, COCTOSIIIEN U3 KUPOB U COEAMHUTE b=
HOTKAQHHBIX BOJIOKOH.

B mocsietame TOBI OCYIIECTBIISETCST aKTUBHBIN
MOMCK (hapMaKoJOTUYECKNX IIPernapaToB, IMpery-
MIPEKTAIONTIX Pa3BUTHE aTepOCKIepo3a. B ombITax in
Vitro MOKa3aHo, YTO MUKIOAEKCTPUHBI CITOCOOHBI
pacTBOPSTE UG (hruGpodIacToB. Bosbimasd 4acTh
XOJIeCTepHHA YAAJISeTCs U3 KJIETOK B TepBble 1—2
vyaca wHKyGarwu [2]. IIpu mepopaibHOM BBeIECHUU
IIUKJIOZIEKCTPIHA Y MBIIIEH 0TMEJAIOCh CHIKEHNE B
IIa3Me KPOBH XOJIeCTePHHA 1 CIOKHBIX 3(DUPOB XO-
necteprHa Ha 14—20%, CHIUIKAMOCh COMEP/KaHME
1poaTeporeHHbIX Juitonporensos [3]. Bsexenue
MBITIaM ITUKJIOEKCTPITHA YMEHBINAT0 PasMep aTepo-
CKJIEPOTHYECKUX OJIAMIeK. 3a cYeT aKTHBAIINN MaK-
podaros u3 aTepOCKIEPOTHUECKUX OIISIIEK AKTUBHU-
pyercs orTok xosectepnHa [4]. Ilokasano, dTo
IIUKJIOJIEKCTPUHBI TTOTEHI[UUPYIOT aHTHATEePOCKJIe-
POTHUYECKYIO aKTHBHOCTD PAllaMHUIIMHA B Pe3yJbTaTe
cenexkruBHoro nurn6uposanus mTORC1 [4].

B macrosiiiiee Bpemst pazpaboTaH aHTHATEPOTEH-
HBII TIPeTapaT HOBOTO TTOKOJIEHNST Ha OCHOBE ITHKJIO-
JeKCTPIHOB — <«HHUOZeKc». VccmenoBanns cBuje-
TETHLCTBYIOT O €70 CTIOCOOHOCTH CHIKATD COZIEPIKAHIIE
KOJIJIareHa ¥ TI0JTNCAXapyuioB B aTEPOCKIEPOTHUECKUX

Introduction

Endothelial cell damage (in particular, glycoca-
lyx) plays a key role in the pathogenesis of athero-
sclerosis [1].The course of aortic atherosclerosis
includes several stages. First, a lipid spot appears.
Compound complexes consisting of lipids (mainly,
cholesterol) and proteins are formed at such sites,
and their deposit in intima takes place. Then young
connective tissue grows at lipid deposits. An athero-
sclerotic plaque consisting of lipids and connective
tissue is gradually formed.

Researchers have been actively searching for
pharmaceutical products that could prevent athero-
sclerosis. In vitro experiments demonstrated that
cyclodextrins can dissolve fibroblast lipids. The
greatest portion of cholesterol is eliminated from
cells within the first 1—2 hours of incubation [2]. A
14—20% decrease in cholesterol and cholesterol ester
plasma levels and a decrease in pro-atherogenic
lipoproteins were registered in mice following oral
administration of cyclodextrin [3]. Cyclodextrin
administration reduced the size of atherosclerotic
plaques in mice. Cholesterol outflow from the
plaques is activated due to macrophage activation
[4]. Cyclodextrins were demonstrated to potentiate
the anti-atherosclerotic of rapamycin as a result of
selective mTORC1 inhibition [4].

A new generation, cyclodextrin-based
antiatherogenic medicinal product, Niodex, has been
developed to date. Studies demonstrate its potential
to reduce the collagen and polysaccharide content in
atherosclerotic plaques. It is obvious from histologi-
cal and histochemical findings: the intensity of colla-
gen coloration and the intensity of PAS reaction are
decreased. First of all, these changes are registered in
the fibrous part of an atherosclerotic plaque and at
the sites where cholesterol crystals are located.
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GsIITKaxX. JTO MOKA3AIN PE3YJIBTATHI THCTOIOTIYEC-
KOTO ¥ TUCTOXUMUYECKUX HMCCIETOBAHMIL yMEHbBIIIA-
€TCsl MHTEHCUBHOCTh OKPAITMBaHUS KOJIJIareHa, CHU-
kaetcsa mHTeHCHBHOCTD IIUMK-peakmun. Ilpexne
BCEr0, 9TH U3MEHEHHUST PETUCTPUPYIOTCS B GUOPO3HOI
YACTH aTePOCKIEPOTHUECKOH OJATIKK M B yYaCTKAX
JIOKAJIM3AINY KPUCTAJIIOB XOJIeCTePHUHA.

Bce crammm pasBUTHS aTepOCKIEPO3a IMTHPOKO
MPEJICTABJIEHbl B JIMTEPATYPE M300PAsKEHUSIME THCTO-
JIOTHYECKHX CPE30B TIPU OIITUYECKON MUKPOCKOITHH |5 ].

lucTonornyeckre MeTO/bI TIO3BOJISIIOT AHAJH-
3UPOBATh MUKPOCKOITUYECKUE N3MEHEHNUS B CTPYKTY-
pe UHTUMBI 20PTHI (pa3pelieHre He BbIllie MUKPOHA),
HO He /Ial0T BO3MOKHOCTH IIPOCJIEINTD, KaK MOSBIIS-
I0TCSI 9T M3MEHEHST Ha MOJIEKYJISIPHOM YPOBHE.

HauboJiee adeKTHBHO aHHast 3ajiaua MOKET
OBITh pelieHa ¢ MOMOIIBI0 ATOMHOI CHTOBOI MUKPO-
ckorm# [6, 7]. Vcrionb3ys MeTOANKYA aTOMHOW CUJIO-
BOWl MHUKPOCKOIIMH, MOKHO HaOJfofaTh HE TOJBKO
KaK 3apOKIAIOTCS ATEPOCKIEPOTHYECKIe OJISIIKM,
HO W PETUCTPUPOBATH TIPOTIECCHI UX TTOABIEHUS aH-
THATEPOTEHHBIMU TIPeapaTaMu.

ITesib paboThl — MPOBECTH AHAJIN3 HAHOCTPYK-
TYPbI MHTUMBI 20PThI Y€JIOBEKA TIPU aTEPOCKIIEPO3E U
MOKa3aTh BO3MOXKHOE JIEHCTBUE TIpernapara <HUO-
TEKC» Ha aTePOCKIEPOTHIECKIE OJISATIKHA.

Marepuan u MeTObI

[IpoBenen ananus cTpyKTypbl MHTUMbBI 20T (24 dpar-
MEHTa), U3bATHIX Y 5 GOIBHBIX, yMEPIIUX B PE3YJIbTaTe 0C-
JIOJKHEHUiT aTepockieposa. [Ipernaparsl HHTUMbBL A0PT Obi-
s ostydensl B KB Ne um. C. I1. BorknHa.

OG6pasibl UHTUMbI A0PTHI TIOJYYAJIH U3 yYaCTKOB C
[IPU3HAKAMU ATEPOCKJIECPOTUUECKUX H3MEHEHUI Ha pas-
JIMYHBIX aTanax ux ¢opmupoBanus. Ilpemaparsl MHTHMBI
obpabarpiBasii B (pU3NOTIOrNYECKOM PACTBOPE, COMEPIKa-
M IIUKJIOEKCTPaH. [UCToIOTHYeCKe cpe3bl OKpaIinBa-
JI TeMaTOKCUJIMHOM U 903WHOM, 10 Ban [m3ony, mpoBoan-
s I K-peaxiiuio. /[Jist THCTOIOrMYECKOTO UCCTIEI0BAHUST
cpe3oB ucnoab3oBann mukpockon Olympus BX41 (Slmo-
uist). KoHTposibHbie 00pa3iibl HHTHMBI 20PTHI He MOBEpra-
JIN BO3/IEHCTBUIO aHTHATEPOCKJIEPOTHYECKOTO TIperapara.
Bce uccnenoBanust mpoBOMIN B COOTBETCTBUU ¢ HOPMaMU
atudeckoro kKomurera OBTHY HUU OP. ®Oparmentst
A0pPT MHKYOUPOBAJIU B PACTBOPE, COIEPIKAIIIEM IIUKIIOIEKC-
TpuHbL. B pabore ncnosnbzosanu pacrsop mnpenapara HIO-
JEKC — nponuieHraukonesbiii aup Gera-1nKiIoaeKkcT-
puna. MakyO6atmio npoBoausu B redenue 30 muny, 1, 3, 24
gacoB. DparMenTsl A0pT (4X8 MM) DUKCHPOBATIN B HEHT-
pasibHOM (hopMmasnHe.

Jlist wicesieioBamst 06pasIoB B 10Jie AaTOMHOTO CHJIOBO-
'O MUKPOCKOIIA Ha ITPEIMETHBIX CTEKIaX (POPMUPOBAJIH CJIOH
UHTHUMBI 20PTbI, KOTOPbIN OT/AEJISUIN OT APYTHX cyioeB. OOpas-
I[bl MHTUMbBI A0OPTbl BBUICJISAIN M3 HEM3MEHEHHBIX OT/IETIOB
BHYTPEHHETO CJIOS1 A0PTbI, U3 30H JIMITH/HBIX TISITEH 1 U3 yJa-
CTKOB C(hOPMUPOBAHHBIX ATEPOCKIEPOTUUECKUX OJISIIEK.

B kaxkmpoit aopre Bbigessau (GparMeHT MHTHUMBI
(«obpaserr») pazmepom 10x5 mm. O6pasiisl purcuposa-
JIM Ha TPEJIMETHBIX CTEKJIAX C MOJMJIN3UHOM. 3aTeM, 06-
pasibl moMeIanu B pabouyio 30HY aTOMHOTO CHJIOBOTO

All stages of atherosclerosis are substantially
illustrated by microscopic sections [5].

Histological tests permit to analyze macroscop-
ic changes in the aortic intima (with the resolution of
not more than 1 micron), but they do not allow to
trace the manifestations of these changes at a molec-
ular level.

However, this problem may be solved using the
atomic-force microscopy [6, 7]. The atomic-force
microscopy permits to observe not only the early
stages of atherosclerotic plaques, but also to trace
their suppression by antiatherogenic agents.

The objective of the study is to analyze the
nanostructure of human aortic intima in atheroscle-
rosis and demonstrate the potential effect of Niodex
on cholesterol plaques.

Materials and Methods

The structure of aortic intima (24 fragments) taken
from 5 patients (who died of atherosclerotic complica-
tions) was analyzed. Aortic intima specimens were
obtained in S. P. Botkin's State Municipal Hospital.

Samples of intima were taken from those parts of
aorta, where different stages of atherosclerotic changes
were obvious. The intima specimens were treated with
cyclodextran dissolved in the saline. The microscopic sec-
tions were stained with hematoxylin and eosin (Van
Gieson staining), and the PAS reaction was performed.
The Olympus BX41 microscope (Japan) was used for the
histological study. Reference samples of aortic intima were
not exposed to the antiatherogenic agent. All studies were
performed in accordance with guidelines of the Ethic
Committee under the Scientific Research Institute of
General Reanimatology. Aortic samples were incubated in
a solution containing cyclodextrins. A solution of
NIODEX, a propylene glycol ester of beta-cyclodextrin,
was used in the study.

The samples were incubated for 30 minutes, 1,3, and
24 hours. Aortic fragments (4x8 mm) were fixed in neutral
formalin.

A layer of aortic intima was separated from other
layers and placed onto glass slides to be examined by an
atomic-force microscope. The intima samples were iso-
lated from unaltered portions of the internal aortic layer,
from lipid spot sites, and from grown atherosclerotic
plaques.

A 10x15 mm intima fragment («sample») was isolat-
ed in each aorta. The samples were fixed on glass slides
with polylysine. Then the samples were placed into the
working area of an atomic-force microscope (Integra
Prima, NT-MDT, Russian Federation), and their surfaces
were scanned. The imaging was performed in the resonant
semi-contact (tapping) mode using the microscope soft-
ware [8]. The fpN10 cantilevers (NT-MDT, Russian
Federation) with a <22° apex angle and ~3—5 nm radius.
The interaction force during the imaging was 0.1—5 nN.
The number of imaging points was 512; and the imaging
regions were as follows: 100x100 pum, 2000x2000 nm.
First, 100100 pm aortic intima nanostructures were
obtained. Then, the fragments were scanned in a
2000x2000 nm field, if necessary.
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mukpockona «Murerpa [Ipumas (NT-MDT, PD) u cka-
HUPOBAJIM MMOBEPXHOCTU HCCIeiyeMbix 00pa3ioB. Cka-
HUPOBaHUE IPOBOJIUIN B PE30HAHCHOM IOJYKOHTAKT-
HOM pEXHME C HCIOJTb30BAHMEM MaTeMaTHYeCKOTo
obecriedenusi aToro Mukpockoma [8]. Mcmoab3oBasiu
kanTuiesepsl fpN10 (NT-MDT P®) ¢ yriowm mpu Bep-
muHe <22° u paguycom ~3—5 HM. Cuiia B3auMojieicr-
Bus nipu ckanupoBanuu 0,1—5 wH. Yucsno touek ckanu-
posanus — 512, mons ckamumposanus: 100x100 Mrwm,
2000x2000 am. Bravyane momxyyann ¢parMeHThI HAHOCT-
pykTypbl uHTUMBI 20pThI 100x100 MxM. 3atem, ecsin Tpe-
60BasoCh, ckaHUpoBasiu yuacTku B moJe 20002000 Hwm.

PesyubraThl 1 00Cy>KAeHUE

AToMHAas cUI0Basi MUKPOCKOITUS B OTJIUYHE OT
OIITHYECKOI MO3BOJISIET TIOJTyYaTh H300pasKeHUsI 110-
BEPXHOCTH 00pasiia ¢ pasperieHneM 10 1 HM 110 m1o-
ckocry, u 710 0,1 u#M o ocu Z [9]. JlasamadT HaHO-
MOBEPXHOCTH MHTUMBI Q0PThI BeChMa BapraOeIbHbII
U cnoxkHbIi. [ToaTOMy HEOOXOAUMO GBIJIO BBIAETUTH
Ha HEM HEKOTOPbIe XapaKTepHble 00BEKTHI TS J1a/Ib-
Heiimero ananusa. B panHoil pabore paccmarpuBa-
I0TCS TOBEPXHOCTU B HaHoawamazoHe. [ToaTomy
GoJIbIIINE TIepenajibl CTPYKTYP MHTUMbI (HECKOJIBKO
COT MKM) 3/IeCh He YUYUTBIBAIOTCS. THITMYHAS HAHO-
MMOBEPXHOCTh MHTUMBI MTPeJICTaBIeHa Ha puc. 1, a.

Ha atom o6pasiie Bbigesenbl 061acti 60IbIINX
U MaJIbIX KpaTepoB, 06J1acTh XpedTa, TpabeKyJIsipHbIe
HUTH. DTH 00JIaCTH UMEIOT XapaKTepHble KOH(PUry-
panuu 1 pasmepsl. Pacemorpum ux 60Jiee nogpooHo.

O6nacTu 6OJIBIIMX M MaJIbIX KpPaTepPOB IPE/-
crasyienbl Ha puc. 1, b, ¢. 10 061aCTU ¢ TUIIUYHBIMK
KOJIBIIEBBIMU OOPA3OBAHUSIMH, PasMePbl KOTOPHIX
BapbUPYIOT B IMHUPOKUX Tpesesax. boJbime Kpare-
PbI MOTYT UMeTh gramerp oT 1—5 g0 100 u Gosiee Mu-
kpoH. IIpu atom ux riy6uHa gocturaer 200—500 HM.
[Tpy BOBHUKHOBEHUU JIMITUAHBIX TISITEH WX IJIyOUHA
MOKET JIOCTHTaTh HECKOJbKUX MWKPOH. [loBepx-
HOCTB OOJIBIIIMX KPaTepoB, KaK IPABHUJIO, HOCUT BbI-
pa’KeHHBIN mIepoxoBaThili xapaktep. llapameTpsr
mepoxoBaroctu coctasistior 30—150 um. Masbie
KpaTepbl BCTPEUYAIOTCS HA MHTUME CYIECTBEHHO Ya-
mre. Mx xapaktepnbie guamerpst 0T 120—150 1o 900
oM. OHM Mesibue, yeM GOJIbIIHE KPaTepbl U MOTYT
UMETh KaK KOJIbIEBYIO, TaK U BBITSHYTYIO KOHpUTY-
pario. bosbiiime n Masibie KpaTepbl HAKJIAIbIBAIOTCS
Ha JIpyTHE CTPYKTYPbI M 3aHUMAIOT MPAKTUYECKH
BCIO TIOBEPXHOCTH MHTUMBI.

JlanamadT HAHOMOMEPXHOCTH UHTUMBI B 00J1a-
cTi XpeOTa U TpabeKyISIPHBIX HUTEH TPe/ICTaBIeH Ha
puc. 1, d, e.

XpeOTbl — 3TO BBITSIHYThIE BBICOKHE CTPYKTY-
PbI UTATENBHOM TPOTsiZKeHHOCTH. OCOOEHHOCTD 9THX
00pasoBaHUil B TOM, 4TO UX BBICOTA Ha BCEH MPOTsI-
JKEHHOCTH MeHsteTcst He Oosiee ueM Ha 40%. Boicora
takux obpasosanuii 300—700 HM, a MX IPOTSKEH-
HOCTb — JI0 HECKOJIBKHX JECITKOB MUKPOH. Hureo0-
pasubie KoHpurypamuu BbicOTOH 10 50—150 HM,

Results and Discussion

Unlike the optic microscopy, the atomic-force
microscopy permits to obtain images of a sample
with a resolution of 1 nm in plane and up to 0.1 nm
along the Z axis [9]. The profile of the aortic intima
nanosurface is variable and composite. Therefore,
typical objects should be isolated for the further
analysis. This paper dwells on nanosurfaces.
Therefore, structural differences (hundreds of pum)
are not taken into account. A typical intima nanosur-
face is presented in Fig. 1, a.

In this sample, areas of large and small craters,
the ridge, and trabecular fibers are highlighted.
These areas have typical shapes and sizes. Let us con-
sider them in details..

Areas of large and small craters are presented in
Fig. 1b, c. These are areas with typical ring-shaped
objects whose sizes vary within a large range. Large
craters may be 1—35 to >100 microns in diameter. At
that, their depth may be equal to 200—500 nm. The
lipid spots may be several microns deep. The crater
surfaces are usually rough. The roughness degree is
about 30—150 nm. Small craters are more common
in the intima. Their typical diameters are from
120—150 to 900 nm. They are smaller than large
craters and may be ring-shaped or oblong. Small
and large craters overlap other structures and cover
almost the whole surface of the intima.

The profile of the intima nanosurface in the
area of the ridge and trabecular fibers is presented in
Fig. 1, d, e.

Ridges are oblong, high, long structures. The
feature of these objects is that their height varies
within the range of not more than 40% along their
lengths. The height of these objects is 300—700 nm,
and there length is dozens of microns. Thread-like,
curvilinear, trabecule-like objects up to 50—150 nm
high are called trabecular fibers (Fig. 1, ).

The formation of lipid spots is presented in
Fig. 2.

At the same time, lipid spots were identified
using standard histological techniques.

Lipid spot outgrowths appear on the typical
intima surface (Fig. 1) as a result of abnormal
processes described above. Such outgrowths were
observed as single (Fig. 2, b) and multiple objects
(Fig. 2, a) on the 100X100 pum surface. Since the
intima nanosurface is variable and composite, the
detection of lipid spots is quite a problem: it is nec-
essary to differentiate between the plaque out-
growth and normal surface. The following technique
was applied. If the object was near a crater, then the
value of 300—350 nm was taken as a midline. This
line was equal to 500 nm for the ridge. The spot
height was measured against this line. The lipid
spots projected above the profile surface by 600—
1200 nm. However, this approach was not a guaran-
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Original Observations
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Puc. 1. JlanamadTt noBepXHOCTH HHTUMBI A0PTHI.

Fig. 1. The landscape of aortic intima surface.

Note. a — a typical profile of a normal aortic intima surface. 100X1000 pum image; b — large crater; ¢ — small craters. 3500%3500 nm
image. b7 and ¢7 — the profiles of b, ¢ surfaces; d — the area of the ridge. 10X10 pm image. ¢ — the area of trabecular fibers. 3X3 um image.
IIpumeuanue. a — TUTMYHBIN JaHAIADT TOBEPXHOCTH HUHTUMBI 20pThl B HOpMe. Ckan 100X 100 MmxM. b — GOJIbIION KpaTep; ¢ — Majibie
kparepbl. Ckarbl 3500X3500 um. b7 u ¢1 — npoduiu nosepxuocreil b u ¢. d — obnacts xpedra. Cranbl 10X10 MM, e — obsacTb Tpa-
Gexymsapubix HuTeil. Ckamnbr 3X3 mim. Crater areas — obmactn kparepos; Protuberance — Boimykmocts; Ridge — xpeber; Trabecular
fibers — TpaGexynspHbIe HUTH.
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a b

Puc. 2. @opmMupoBaHue JUIHIHBIX NSATEH.
Fig. 2. The formation of lipid spots.

Note. Multiple spots (a) and a single spot () are marked by arrows; ¢ — lipid spot growth.
IIpumeuanne. Muo)ecTBeHHbIE (@) 1 eAuHUYHOE (D) JUIHUIHBIE ITHA OTMEYEHBI CTPEIKAMU; ¢ — POCT JIMITHUHOTO TISITHA.

HMeIoIIe KPUBOJMHEIHY IO FeOMETPHIO U BUJ[ Tpabe-
KyJI, HazBaHbl TpabeKyaspHbBIMU HUTsIME (puc. 1, €).

OO6pasoBaHue JIMIUIHBIX ISATEH HAa HHTHME
aoPThI TIOKA3aHO Ha PUC. 2.

JlumiHble TATHA MapasuielbHO UAEHTUMUITPO-
BaJIM CTAHIAPTHBIMU IMCTOJIOTUIECKUMI METOIAMHU.

Ha tunmmanoit moBepxHOoCTH UHTUMEI (prc. 1) B
pesyJibTaTe TMaTOJOTHIECKUX TIPOTIECCOB, OMMCAHHBIX
BBIIIIE, BO3HUKAIOT BLIPOCTBI JIMTIA/HBIX TIsiTeH. Takue
BBIPOCTBI HAOMIOAAIN KaK OAMHOYHbIE 00PA30BAHMUS
(puc. 2, b), Tak U OJTHOBPEMEHHO 110 HECKOJIBKO 00pa-
3oBanuii (puc. 2, a) Ha nosepxuoctu 100X100 MkM.
Besenersue BapuabesibHOCTH M CJIOKHOCTH HAHOIIO-
BEPXHOCTU WHTUMBI BBISIBIEHUE JIMIHUIHBIX TISITEH
MIPEJICTABJISIET OT/IEBbHYTO 33/1a4y: UTO CYMTATD BBIPO-
CTOM OJISITIIKK, @ UTO MPUHAJIEKUT HOPMAJIbHOI T10-
BepxHoctu? Ecim o6pasoBaHue pacroJiaranioch B
paifoHe KpaTepa, TO 3a CPeIHIOI0 JIMHWIO CUUTAJIH
300—350 rm. g xpeOra sra unust cocrasiisiia 500
HM. OTHOCUTEJIHLHO ATON JTMHUHM OTCUUTBIBAIN BbICO-
Ty TisITHA. JIMTUIHBIE TISITHA BBICTYTIAJIN HAJl CPeTHEe
sunaneit mangmadra Ha 600—1200 um. Ho u takoii
MIOJIXO/T HE TAPAHTUPOBAJI OTHO3HAYHOTO PACIIO3HABA-
HUSI MCKOMBIX OOBEKTOB. BJISIIKH MOIJI Paciioia-
raThCst M BO BIQJIMHE W HAa CKJIOHAX KPAaTEPOB WJIH
xpe6ToB. Takue hparMeHTsl B paboTe paccMaTpuBaIm
Kak apTehakThl U He aHATU3UPOBAJIH.

Ha HavasbHBIX CTAIUSAX PA3BUTHS JUITHU/IHbIE
[ATHA UMeJTH OJIMBKIE MEKLY COOO0I pasMepbl U KOH-
uryparuio. VX ;KeCTKOCTh OTJIUYAIACH OT TAKOBOI
cpeHell CTPYKTYPbl HHTUMBI (M KpaTtepoB 1 xpeOrTa)
B 1,2—1,4 pasa.

ITo Mepe pasBuTHs Tpoiiecca 00pasoBaHM JIv-
MUHBIE TSTHA YBEJIWYUBAJIU CBOM pa3Mephl /10 4
MKM (Kak Ha puc. 2, ¢). OIHOBPEMEHHO POcJia UX XKe-
crroctb [10, 11]. Ona yBesnunsasach na 10—20% 1o
CpaBHEHMIO ¢ HaYaIbHOI (hazoii pocra (puc. 2, ¢). B

tee for identification of required objects. The
plaques could be located both in the cavity and on
slopes of craters or ridges. Such fragments were con-
sidered as artifacts and were not taken into account.

At early stages, the lipid spots had similar sizes
and shapes. Their stiffness differed from that of the
median structure of the intima (both craters and
ridge) by 1.2—1.4-fold.

Then, with the course of growth, the lipid spots
grew up to 4 pm (as seen in the Fig. 2, ¢). At the same
time, their stiffness increased [10, 11]. It increased
by 10—20% as compared to the initial stage (Fig. 2,
¢). In this study, for technological reasons, the stiff-
ness was measured by atomic-force spectroscopy
using a dry sample. Therefore, stiffness changes are
expressed only in relative units.

27 fragments were identified as growing choles-
terol plaques in 24 samples. 16 of them measuring
900—1200 nm were identified near ridges, and 11
near craters (600—1050 nm). The limited number of
findings is related, first of all, to diffiulties of identi-
fication of incipient plaques against the background
of a composite intima surface, as well as to labor-
intensiveness of anlayses of this nanosurface.
Differences in shapes and sizes fo the isolated frag-
ments do not permit to conclude that they are relat-
ed to craters or ridge, or that this or that object on
the nanosurface provokes the growth of atheroscle-
rotic plaques with a more or less degree of certainty.

Niodex caused destruction of lipid spots and
smoothing of the intima surface. More than a half of
the 27 identified objects (15) demostrated a 30%
and more decrease in size (median 340—400 nm). A
10—15% decrease was registered in 7 fragments; in
the remaining 5 fragments, the decrease in the lesion
size was less than 10%. The decrease in less than
10% was considered insignificant.
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JaHHOH paboTe B CHJIy TEXHOJOTHMUYECKUX MPUYMH
JKECTKOCTh ObLjIa M3MEPEHA METOOM aTOMHO-CHUJIO-
BOII CIIEKTPOCKOIIIH Ha cyXoM oOpasiie. [ToaTomy ns-
MEHEHUST JKECTKOCTH TPUBO/ISTCS TOIBKO B OTHOCH-
TENbHBIX €INHUIIAX.

Bcero B 24-x obpasuax ObLio BblaeseHo 27
(bparmeHTOB, KOTOpBIE WACHTU(DHUIMPOBAINCH KaK
pacryIiue XoirectepuHoBbie Orstiku. 13 Hux B 06J1a-
¢ty XpeGToB ObLIK BhigeaeHbl 16 pparMeHTos ¢ pas-
mepamu 900—1200 M, a B obaactu kparepos — 11
(600—1050 mm). OrpaHUUYeHHBIN 0OGBEM pE3yJIbTa-
TOB BbI3BaH, TIPEKIE BCETO, TPYAHOCTSIME WIEHTH-
duxanyy 3apoxgaommxca ossiex Ha GoHe CI0XK-
Horo JiaHmadTa HHTUMBI, a TaK JKe TPYI0EMKOCTHIO
aHa/Iu3a HTOM HAHOIIOBEPXHOCTU. Pazbpochl pasme-
POB U KoH(MUTYpaIus BbIIETEHHBIX (DPArMEHTOB He
MO3BOJISAIOT CYUTATh, YTO OHM Yallle TPUHAIIEKAT
xpebTaM U KpaTepam.

[leiicTBUE TIpemapaTa «HUOAEKC»> BBHIZBIBAJIO Je-
CTPYKIUIO JIMIUAHBIX TISITEH U CIJIQKUBAaHUE TI0-
BEPXHOCTU MHTUMBL. V3 27 uaeHTu(GUIIMpoBaHHbIX
00bEKTOB GOJIBIIE TIOJOBUHBI — 15 YMEHBIITIIIN CBOI
pasmep Ha 30% u 6ostee (B cpenreM no 340—400 Hwm).
Y 7 dpparmentos cumkenne coctapmio 10—15%, y
OCTAJIBHBIX 5 (PAarMEHTOB CHIIKEHUE BBICOTHI 0Opa-
3oBaHust 6bw10 Meree 10%. CHUZKeHME pasMepa Me-
Hee, yeM Ha 10%, cauTaIN HE3HAYUTETHHBIM.

IdbdekT peiicTBUS Tpenapara  «HUOMEKC»
IpejicTaBjIeH Ha puc. 3.

OO6umit nanmuadHplii Hepenajs Haj cpeaHen
JINHUEN TOPU30HTA HA TIPEBBIIaeT 1 MKM U €ro mo-
BEPXHOCTH HE NUMEET PE3KO BHIPAKEHHDIX BBICTYIIOB.

3akaoueHue

Jlannas pabora MMeEET IOMCKOBBINA KCIIEPH-
MEHTAJThHBIN XapakTep. C/emana MombITKA KJIaCCH-
(buranum HaHOOOGBEKTOB CIOKHON TOBEPXHOCTH MH-
TUMBl QOPTHI 4ejoBeKa. Pas3bpochl pazMepoB
BbIJIEJIEHHBIX (DPArMEHTOB HE TO3BOJISIOT CUNTATD,
YTO TO WM HHOE 00pa3oBaHUe HA HAHOMTOBEPXHOCTH
UHTUMBI (XpeOThI, KpaTepbl) B GOJIbINEH N B MEHb-
el crerneHyu MPOBOIMPYET 00pasoBaHue OJISIIIEK.
[IpenBapuTesbHbIe PE3YJbTATHI, COAEPIKAIIUECS B
pabote, TO3BOJSIOT HPEANOJIOKNATD, YTO BO3IAEHCT-
BH€ TIpernapaTa «HUOJEeKC» Ha UHTUMY aOPThI BEeT
K 3aMe/JIEHUIO W CHUKEHWIO WHTEHCUBHOCTHU TIPO-
1eccoB (POPMUPOBAHUS aTEPOCKIEPOTHIECKUX OJIsT-

Jlurepartypa

1. Dou Y., GuoJ., Chen Y., Han S., Xu X., Shi Q., Jia Y., Liu Y., Deng Y.,
Wang R., Li X., Zhang J. Sustained delivery by a cyclodextrin material-
based nanocarrier potentiates antiatherosclerotic activity of
rapamycin via selectively inhibiting mTORC1 in mice. J. Control.
Release. 2016; 235: 48—62. http://dx.doi.org/10.1016/j.jconrel.2016.
05.049. PMID: 27235978

2. Zimmer S., Grebe A., Bakke S.S., Bode N., Halvorsen B., Ulas T., Skjelland
M., De Nardo D., Labzin L.I, Kerksiek A., Hempel C., Heneka M.T,
Hawxhurst V., Fitzgerald M.L., Trebicka J., Bjorkhem 1., Gustafsson J.E.,
Westerterp M., Tall A.R., Wright S.D., Espevik T., Schultze J.L., Nickenig
G., Liitjohann D., Latz E. Cyclodextrin promotes atherosclerosis regres-
sion via macrophage reprogramming. Sci. Transl. Med. 2016; 8 (333):

Puc. 3. HaHonoBepXHOCTb HHTUMBI A0PTHI IIOCJIE JAEHCTBUS Npe-
napara HHOJIEKC.

Fig. 3. The aortic intima nanosurface exposed to Niodex.
Note. 1000X1000 nm image.

IIpumeuanue. Cxan 1000x1000 mm.

The effect of Niodex is presented in Fig. 3.

The general difference against the midline
exceeds 1 pm, and its surface does not have marked
projections.

Conclusion

This is a research and experimental study. This
study made an attempt to classify nano-objects on a
composite surface of the human aortic intima.
Differences in shapes and sizes of the isolated frag-
ments do not permit to conclude that that this or
that object on the intima nanosurface (ridges,
craters) provokes the growth of atherosclerotic
plaques with a more or less degree of certainty. Raw
data permit to suppose that the effect of Niodex on
the aortic intima results in deceleration and
decreased intensity of atherosclerotic plaque growth
on the intima fragments. Further studies are required
to obtain more detailed information about the effica-
cy of this medicinal product.

mek Ha dparMeHTax WHTHMBL Ilonyuenue Gosee
HOJIHBIX CBeJleHUit 00 9(p(HEeKTUBHOCTU JAHHOTO IIpe-
napata Oy/1eT BO3MOKHO TIPH ITPOBEICHUH JajlbHel-
X UCCJIeTOBAHTIA.
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