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Ilenv uccaedoganus. BosiBUTH CTPYKTYpHbIE H3MEHEHHsI A0PThI B BOCCTAHOBUTEILHOM IIEPHOJIE I0CIIE IUTEIbHOI reMoppa-
[MYECKOIi TUIOTEH3NH U mocxeayoneil peundysun kposu. Mamepuan u memoosi. IIpoBeieHo 1Be cepuu IKCIEPHMEHTOB
(KOHTPOJIbHAS ¥ OnbITHAS) 110 10 GesbIX 0eCHOPOAHBIX KPbIC-CAMIIOB B KasK10i. JKUBOTHBIX HAPKOTU3UPOBAIM THOIIEHTAJIOM
Harpus (25 Mr/kr). 60-MEHYTHYI0 TeMOPParnyecKyo runotensuio (40 MM pT. CT.) BbI3bIBAJIU KaTeTepu3anuei JeBoii oomeii
COHHOI{ apTepuH, MOCJIe Yero NPOBOAWIHN penH(Y3HI0 KPOBH U YIIHBAIM PaHy. BpeMst HaGIi0/1eHNs 32 SKMBOTHBIMU COCTaBH-
10 60 CyTOK, 110 HCTEYEHHIO KOTOPDIX /15l HCCJIeA0BaHUs 3a6upain ()parMeHTsI IPYAHOTO U GPIOIIHOrO oTAea aoptbl. Ticro-
JIOTHYECKHE CPe3bl OKPAIIHBAJIN FeMAaTOKCHJIMHOM 1 903UHOM, 110 Ban Tuzony, Bepredy u Beiirepry. Onpeznensim mopdome-
TPUYECKHE W THCTOMETPUYECKHE MapaMeTphl, BKIIOYas MPOIEHTHOE COOTHONIEHHE 000JOYEeK B CTEHKE COoCcylda M
K03 (PUIHEHTHI TIPOITYCKHOIT cTIOCOOHOCTH. Pezyavmanovt. YCTaHOBJIEHO, YTO TPYAHOM U GPIONIHOM OT/ZENBI A0PTHI OTINYA-
I0TCA IPYT OT Apyra MOp(OMeTPHUYECKUMH ITapaMeTpaMH, YTO OIpe/ielisieT Pa3inyHble YCIOBHSA reMOJMHAMUKH B HUX IIPH
KPUTHYECKHX COCTOSIHHMSX opranuama. [uneprpodusi cpenueii 060104KH OPIOIMHOTO OTE/a A0PTHI 32 CYET YTONNIEHHS Taj1-
KOMBIIIIEYHBIX CJIO€B CBHIETEIbCTBYET O PEMO/IEIMPYIOIINX NPOIECCaX B €e CTeHKe, YTO MOCJIe MACCHBHOI KPOBOIIOTEPH CO-
[POBOKAAETCS CHUKEHHEM KOJIMYECTBA DIACTHIECKUX MEMOPaH U 9KCIpeccheil KoJulareHcoAep Kaux crpykryp. s rpya-
HOTO OT/eJa AOPThl IMOJOOHbIE M3MEHEHHs BBIPAKAIOTCS CHU’KEHHEM IUIOIAJH CPeqHell O0GONO0YKH, 3HAYUTENbHBIM
YTOJIIEHHEM aABEHTHIMN U PE3KNM CHI’KeHHeM K09((PHINEHTOB MPOIYCKHOI criocoGHOCTH. 3akatouenue. BoissienHsie
Mop¢domMeTpuuecKre 0COGEHHOCTH PA3IMYHBIX OT/EJIOB A0PTHI CJIEAYeT PACCMATPHBATD B KAYECTBE OCHOBBI Z10JITOBPEMEHHO
aJlanTanum, NO3BOJSIONIE MaKCUMaIbHO 3¢ (HEKTHBHO OCYIIECTBIATH KPOBOCHAGKEHHE KU3HEHHO Ba’KHBIX OPTaHOB B OT/Ia-
JIeHHbIE CPOKH BOCCTAaHOBHTEJIBHOTO nepuoa. Knioueevie cnosa: reMopparnyeckas TunotTeH3usi, penHQysust KpoBH, CTPYK-
TypHbIe U3MEHEHHS A0PTBHI.

Objective: to reveal aortic structural changes in the recovery period after long-term hemorrhagic hypotension and further
blood reinfusion. Material and methods. Two (control and experimental) series of eexperiments were carried out on 10 out-
bred albino male rats in each. The animals were anesthetized with sodium thiopental (25 mg/kg). Sixty-minute hemorrhagic
hypotension (40 mm Hg) was induced by left common carotid artery catheterization, followed by blood reinfusion and
wound closure. The animals were observed for 60 days, thereafter thoracic and abdominal aortic fragments were taken. The
histological sections were stained with hematoxylin and eosin by the methods of Van Gieson, Verhoeff, and Veigert.
Morphometric and histometric parameters, including the percentage of layers in the vascular wall and transmission capac-
ity coefficients, were determined. Results. The thoracic and abdominal aortic sections have been found to differ in mor-
phometric parameters, which determined their different hemodynamic conditions in critical conditions. Hypertrophy of the
media of the abdominal aorta due to thickening of the smooth muscle layers suggests that there are remodeling processes
in its wall, which is accompanied by a smaller number of elastic membranes and by the expression of collagen-containing
structures after massive blood loss. For the thoracic aortic segment, such changes are manifested by a decreased medial
area, a considerable advential thickening, and a drastic fall in transmission capacity coefficients. Conclusion. The found
morphometric characteristics of different aortic segments should be considered as the basis for long-lasting adaptation,
which can supply blood to the vital organs as efficiently as possible in late recovery periods. Key words: hemorrhagic
hypotension, blood reinfusion, aortic structural changes.
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BBenenne

Ocrpasi MacCUBHAsA KPOBOIIOTEPSI U MOCJEAYIONAS
TUIIOKCHS TPUBOJUT K HAPYIIEHUSIM reMOJAMHAMUKH, MU~
KPOIMPKYJISIIIY, HEOOPATUMBIM H3MEHEHUSIM KJIETOK
[1—4]. Yro xacaercd M3MeHEHUI CTPYKTYPbI KPYIHbIX
COCYJIOB TP OCTPOI KPOBOIMOTEPE, TO KOJMUECTBO paboT,
HAMPABJIEHHDIX HA UX BBISIBIEHNUE, SBHO HEJOCTATOUHO |3,
6]. B amTepaTtype onucaHo peMojeJMpOBaHUE MarucT-
PaJIbHBIX apTEPUil, HOBBIIIEHNE UX JKECTKOCTH U HapylIIe-
Hue (GPyHKIIUU BCJIEACTBUE UIIeMUU, perepdys3un, Mexa-
HMYECKOTO MOBPEeXJeHUsd U arepockieposda [7, 8].
O/HAaKO 3TH UCCIE0BAHUS TIPOBOIUIIICH B OCHOBHOM Ha
MUKPOCTPYKTYPHOM ypPOBHE — 0€3 OIeHKU CTPOEHMUst
CTEeHKM MaruCTpajJbHBLIX apTepuil B 1esoMm. B cBasu ¢
3TUM 1IeJIb UCCIEIOBAaHUS — BBISBUTH CTPYKTYPHbIC M3-
MEHEHUS a0PTbl B BOCCTAHOBUTEJIBHOM IEPHUOjE IOCJIe
JUIATEIbHON TeMOpparnyeckoil TUIOTEeH3UU U TOCJIeyI0-
et penHpy3n1 KPOBH.

Marepuan u MeTobI

IKCHeprMeHTBl BBITTOMHEHbl Ha 20 GecrnopoaHbIx OesbixX
Kpblcax-camiiax Maccoii 250—300 r. ¢ cobmonenuem «IIpasu Ja-
6oparopHoii npaktuku B Poccuiickoit Degepannns, yrBepsKkaeH-
ubix [Ipukasom M3 PO Ne 267 or 19.06.2003 r. [TpoBeneno ase
CcepUu 9KCIIEPUMEHTOB (OTIBITHAS U KOHTPOJIbHAsT) 10 10 KUBOT-
HBIX B Kak70il cepnu. HapkoTnsaiuio ocymecTBIsaIm BHYTPH-
OPIONIMHHBIM BBEJCHUEM THUOIEHTATA HATPUS B 7103€ 25 MI/KT
Macchl Tesia. MojiesmpoBaHie reMopparnyeckoii TuIoTeH31H 0Cy-
HIeCTBIISIIN 1o paspabotartnomy Hamu Metoiy [9]. C a10ii 1esbio
Y JKUBOTHBIX KaTETEPU3HUPOBAJIH JICBYIO OOIILYI0 COHHYIO APTEPUIO;
Yyepe3 Hee OCYIIECTBJISAIN KPOBOIIYCKaHMe JI0 HACTYIIJIEHUS TUIIO-
ter3nun (40 MM PT.CT.), IVINTETBHOCTH KOTOPOI cocTaBuira 60 MirH,
I0CJIe YeTo MPOBOIIN PenH(dy3UIo KPOBU U yIINBAIK pany. Bpe-
Mst HaOJIIO/IEeH s 32 SKIMBOTHBIMU COCTABIIIO 60 CYTOK, IO ucTede-
HITIO KOTOPBIX /TSI NCCIIEI0BAHUS 3a0upastit pparMeHTbl IPyIHOTO
1 OPIOIIHOTO OT/IEJIOB A0PTHI. [MCTOMOTHYIECKIE CPe3bl OKPAIINBa-
JIN TeMAaTOKCUJIMHOM U 203uHOM, 110 Ban ['uzony, Bepredy u Beii-
repty. Makcumanbino ahdekTHBHBIM oKadasicst Meton Bepreda,
KOTOPBIi1 SIBJSIETCST YHUBEPCATBHBIM U COYETAET B cebe OKpacKy
KaK MBIIIECYHBIX, TAK U 3JACTHYECKUX BOJIOKOH, 4TO IIO3BOJISET
KOMIIJIEKCHO OTIEHUTH COCTOSIHIE CpefiHeit 060m09kn aopThl. Ot-
pezessii craeyiomue MophoMeTpuIecKre MapaMeTpbl: HapysK-
HBIIl ¥ BHYTPEHHMII JMaMeTp COCY/a, ILIOMIA/b IIPOCBeTa, IJI0-
maab cpeiHeil 060M0UKH, OOIIYI0 TONIIIHY CTEHKH, TOJIIIHY
Kask/I0il U3 TpeX 060JI0YeK B OTAEIbHOCTH (BHYTPEHHEl, cpeHeit
¥ Hapy:KHOIT). V3MepeHMs IPOBOAMJIN I10J MUKPOCKOIOM IIPH
yeesmaernn 300 n 1000 1 BoIBeeHNN N300pakKeH st Ha MOHUTOP
KoMmIipioTepa. JlJist M3MepeHust BbIllIeYKa3aHHbBIX MTapaMeTPOB HC-
10JIb30BAJIH CIEINAIN3NPOBAHHYIO MEIUIIMHCKY0 MOpdoMeTpu-
yeckyio mporpammy Optimas. /lasee onpesesisiii mporeHTHoe Co-
oTHomIeHre 060J0YEK B CTEHKE COCY/A, a TaKKe KO (hUIMEHTH
Kepnorana (K) u Borensopra (W), nmo3soJistionizie KOCBEHHO Ol1e-
HIBATh TIPOIYCKHYIO CTOCOGHOCTD COCY/IA, TIOCKOJIBbKY OHA OTpe-
JEJIAETCsT KaK BO3MOXKHOCTD COCY/IA PETyJINpoBaTh TOK KPOBU 3a
CYET HEIPEepPBIBHOCTU IIOCJE/IHET0 U 3JACTUYHOCTH CTEHKU IIO-
CPEICTBOM PACTSTKEHUSI AIACTHYECKUX MEMOPAH BO BPEMST CHCTO-
JIbl 1 YKOPOUEHUS BO BPEMsI JIACTOJIbI, YTO BBIPAKAETCS N3MEHE-
HUEM psja MOp(hOMETPUYECKHX M[apamMeTpoB (TaKMX, Kak
TTONIA/Ib W TOJIINHA CPeIHENH 000JOUKH, BHYTPEHHUN THAMETD
cocy/ia 1 IJIONA/Ib €ro TIPOCBETa).

KoabduimenTsr Beraucssim 1mo hopMyJiam:

K=h/R,,,

rae h — rtomuua cpeaneii o6onouku cocyna (Mkm); Ry, —

BHYTPEHHUIT paguyc cocyia (MKM).

Introduction

Acute massive blood loss followed by hypoxia pro-
vokes the irreversible changes in cells that impact the
microcirculation [1—4]. A lot of investigations cover the
issues concerning the remodeling of large arteries, increased
arterial stiffness and dysfunction due to ischemia, reperfu-
sion, mechanical damage and atherosclerosis [5, 6].
However, studies devoted to microstructural changes of
large vessels in acute blood loss are limited [7, 8]. The
objective of the study was to identify the structural changes
of the aorta during the recovery period after prolonged
hemorrhagic hypotension followed by blood reinfusion.

Materials and Methods

The experiments were performed with 20 mongrel white male
rats weighing 250—300 g in compliance with «The Rules for labo-
ratory working activities in the Russian Federation», approved by
Order Ne 267 dated 19.06.2003 of the Ministry of Public Health of
the Russian Federation. Control and experimental groups con-
tained 10 animals each. The rats were anesthetized with
Thiopental sodium administered intraperitoneally at a dose of 25
mg/kg body mass. Simulation of hemorrhagic hypotension was
implemented exploiting the method described earlier [9]. In brief,
the left common carotid artery was catheterized followed by blood-
letting before hypotension (40 mm/Hg) occurred and lasted for 60
minutes, then blood re-infusing and wound closure were carried
out. The animals were monitored within 60 days and then the spec-
imens of the thoracic and abdominal parts of aorta were taken for
examination. Histological specimens were stained applying HE,
Van Gieson, Verhoeff and Weigert techniques. Verhoeff staining
was the most effective and universal method that combined both
the muscle and elastic fibers staining to comprehensively evaluate
the condition of aortic tunica media. The following morphometric
parameters were measured: the external and internal aortic diame-
ter, the lumen diameter, tunica media area, general thickness of the
wall, thickness of all three tunica separately (intima, media and
externa). Measurements were performed by a microscopy under
magnification of 300X and 1000X. Image analysis of parameters
was performed by a medical morphometric software Optima.
Ratios of three tunica parameters in the aortic wall including
Kernogan index (K) and Vogenvort index (W) were determined to
allow indirectly evaluating the blood flow capacity ratebased on
continuity of the vessel wall elasticity due to elastic membrane
stretching in systole and shortening in diastole expressed by
changes in the morphometric parameters (tunica media area and
thickness, inner aortic diameter and lumen diameter).

Coefficients were defined by the formulas:
K=h/Riﬂr
where h — tunica media thickness (pm); R, — tunica media
thickness (um).
W=S,/ Sia

where S, — tunica media area (mm®); S;q — lumen diameter
(mm?).

The data were statistically processed with calculation of the
arithmetic mean (M), the error of the arithmetic mean (+m), and
the standard deviation (9). The significance of differences in mean
values were determined using Student's t test. In statistical
hypotheses testing the critical significance level is assumed to be
equal to 0.05 and less.

Results and Discussion

In morphometric examination of aorta in the control
group the following findings were revealed: the outer and
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TaGiuua 1. Bausinue reMopparn4eckoil rMoTeH3uy 1 nocjieayionleii peundysun KpoBu Ha MOPHOMETPUYECKHUE TTapa-

METPBI FPYIHOTO ¥ GPIONIHOTO OT/AEIOB aopThl (M+m)

Table 1. Effect of hemorrhagic hypotension followed by blood reinfusion on the morphometric parameters of the tho-

racic and abdominal aorta (M+m)

Aorta part, (a group) External  Inner diameter,

Lumen Tunica media Kernogan Vogenvort

diameter, mm mm diameter, mm*  area, mm’ index (RVU) index (RVU)
Thoracic aorta 1,95+0,019 1,62+0,010 1,31£0,016 0,400,026  0,141+0,0024  0,303+0,0192
(a control group)
Thoracic aorta 2,09£0,019* 1,79£0,027* 1,61+£0,050*  0,31+0,047*  0,107+0,0049* 0,197+0,0332*
(an experimental group)
Abdominal aorta 1,79+0,019%*  1,52+0,019**  1,16+0,029**  0,25+0,047** 0,096+0,0037** 0,225+0,0442
(a control group)
Abdominal aorta 1,70£0,010*#  1,33£0,019**  0,88+0,025*#  0,26+0,007  0,133+0,0047*# 0,339+0,0511*#

(an experimental group)

IIpumevanue. 3zech u B Tabu. 2: ¥ — p<0,05 110 OTHOLIEHUIO K KOHTPOJIO; ** — p<0,05 Mexk/1y apaMeTpaMu IrpyaHOro U OPIOIIHOrO OT-
JZesia a0pTHI B KOHTpoJIe; # — p<0,05 Mesky mapamMeTpaMi TPYAHOTO 1 OPIOIIHOTO OT/IEIa A0PTHI B OIIBITE.

Aorta part, (a group)-otaenst aopte, (rpynmna); External diameter — napyskubiii guamerp; Inner diameter — BHyTpeHHUiT AuameTp;
Lumen diameter — monianp npocsera; Tunica media area — tontaab cpeaneii obomoukn; Kernogan index — ungexe KepHorana;
Vogenvort index — unnexe Borernsopra; Thoracic aorta (a control group) — rpyanas aopra (kontposnb); Abdominal aorta — 6prorimast

aopra (KOHTPOJIb) .

Note. Here and in Table 2:* — p<0,05 as related to the control group; ** — p<0,05 between parameters of the thoracic and abdominal
parts of aorta in the control group; # — p<0,05 between parameters of the thoracic and abdominal parts of aorta in the experimental group.

W=S,/ Sy,
rae S, — MIoNab cpeHeil 06omoukn cocyaa (Mm?); SIIlJ —
IJTOTIA/Ih TPOCBETa cocya (Mm?).

ITostyuennble ganuble 06pabaThIBAIM CTATUCTHYECKH C OTIpe-
neneHieM cpefrero apudmerndeckoro (M), ommbKH cpenxHero
apudmeTnyeckoro (+m), CpejHero KBajpaTHIHOrO OTKJIOHEHHS
(0). JIocTOBEpHOCTD PA3INYUIl CPEAHUX BEJIUYUH OIMPEAEIISIN C
ucnosibzoBanreM kpurtepust CroionenTa (¢-kputepuit). Kputnue-
CKHi1 yPOBEHb 3HAYMMOCTH TIPU TIPOBEPKE CTATUCTHYECKHUX IMITO-
Te3 npuHUMaics pasabiM 0,05.

PesyabraThl 1 00CyK/I€HHE

IIpu mopdomMeTpudecKoM MCCAeTOBAHUN A0PThHI
SKUBOTHBIX KOHTPOJIbHON TPYIIII BBISIBUJIU CJIEYIOIIEE:
HapY’KHBIM U BHYTPEHHUN JAMaMeTp, IJIONIAb Moleped-
HOT'O CEeYEHUsI IPOCBETA B OPIOIITHOM OT/IeJIe A0PThI OKa3a-
Juch ymenbiieHupiMu Ha 10—12% OTHOCUTENBHO TPY/I-
HOrO OT/eNia, a IJIOWAAb CpelaHeil 060JIOYKHM — Ha
30—35% (Tabu. 1). 1o ckas3biBaeTcst Ha KoahdUImEHTaxX
[POITYCKHOU CIIOCOOHOCTH Pa3JIMYHBIX OTIEJOB A0PTHI:
ecJqu B TPYAHOM OTzesNe uuHpekc KepHorana cocTaBJisii
0,141 ycu. ex., To B 6prourom — 0,096 ycor. en. Anasoruy-
Hble OCOOEHHOCTU TeMOJAUHAMUKU MOATBEPAUINCH U UH-
nekcoM BorenBopra. TakuMm 06pa3oM, KOHTPOJIbHBIE 3HA-
yeHus: mHIekca KepHorana OPIOIIHON 4YacTH aopThl Ha
31,9% Huke, yeM B rpyIHOM ee oT/esie. BO3MOKHO, Takue
0COOEHHOCTH CBSA3AHbI C pACIIUPEHeM 00JIaCTH BaCKYJIsI-
PU3AIUHT U ONTUMATHHBIM KPOBEHATIOJTHEHHEM KPYITHBIX
BUCIIEPAJIbHBIX BETBEil GPIOIIHOIO OT/EJIa A0PTBL.

ToumuHa CTEHKU TPY/HOTO OTIEIA A0PTHI OKA3ATaCh
Ha 25% Goubiite, yem GprorHoro oresna (tabu. 2). Camoii
GOJIBIION 110 TOJIINHE ABJIAETCS CPEIHsIsA 000JI0UKa, OCHO-
BY KOTODPOil COCTaBJSAIOT IUPKYJSIPHO PACIOTIOKEHHDIE
BJIACTHYECKIE MEMOPAHBI; B IPYIHOM OT/eJIE Q0PThI UX Ha-
cuurbiBaercst 10—11, B 6promrom — 8—9 (doro 1). [loms
Q/IBEHTUINH B CTEHKE A0PThHI JUCTAIHHO YBEJINUNBAETCS B
cpenteM Ha 11,6%. Uro kacaercss BHyTpeHHeN 000JI04KH,
To ToJmHa ee B 1,44 pasa GoJiblie B TPYHOM OTJENE, T.€.

Puc. 1. CTpyKTypa CTEHKH a0PTHI C YETKHM JIACTHYECKHM KapKa-
com. Konrposs. Oxpacka no Bepredy, Oxymsip 15, o6bextus 20.
Fig. 1. Structure of the aortic wall with a well-defined elastic
contour. Control group. Verhoeff's stain. Ocular 153, lens 20.

inner diameters, as well as the cross-sectional lumen diam-
eter in the abdominal aorta were reduced by 10—12% rela-
tive to the thoracic aorta, and tunica media area was
diminished by 30—35% (Table 1). It effected the blood
flow capacity rate in various parts of aorta, e.g. if Kernogan
index in the thoracic aorta was equal to 0.141 RUYV, then in
the abdomen aorta it was 0,096 RUV. Similar hemody-
namics features were confirmed when using the Vogenvort
index. Thus, the control values of Kernogan index in the
abdominal aorta were lower by 31.9% than in the thoracic
aorta. These peculiarities were presumably associated with
the vascularization area dilatation and optimal blood fill-
ing of the major visceral branches of the abdominal aorta.
The wall thickness of the thoracic aorta was by 25%
more than in the abdominal aorta (Table 2). Tunica media
is the thickest one the base of which is composed of the cir-
cularly arranged elastic membranes. There are 10—11 elas-
tic membranes in the thoracic aorta and 8—9 membranes in
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Tabanua 2. Biausnue reMopparuyecKoii rMoTeH3un U nociaeayiomei peundysun KpoBH Ha THCTOMETPUYECKUE XapaK-
TEPUCTHKH IPY/AHOTO ¥ GPIOUIHOTO OT/eI0B a0pThI (M+m, MKM)
Table 2. Effect of hemorrhagic hypotension followed by blood reinfusion on the histometric features of the thoracic

and abdominal parts of the aorta (M=m, pm)

Aorta part, (a group)

Tunica thickness

Tunica ratio in the wall structure, %

Inner Middle Outer Inner Middle Outer
Thoracic aorta 6,5+0,21 114,9+1,69 52,1+1,61 3,84+0,11 66,2+0,97 30,0+1,07
(a control group)
Thoracic aorta 7,8+0,23* 109,1+1,83* 68,8+3,28* 4,240,28 58,8+1,04* 37,0£1,34*
(an experimental group)
Abdominal aorta 3,6+0,11** 73,0+2,33%* 54,6+1,54 2,8+0,11** 55,6+1,09** 41,6£1,02%*
(a control group)
Abdominal aorta 5,7+0,09*# 86,4+2 84*# 84,4+2,16*# 3,2+0,09*# 49,0+1,00*# 47,81 11%%

(an experimental group)

IIpumeuanue. Tunica thickness — tommuna o6osouky; Tunica ratio in the wall structure — coorHomnerne 060104€eK B cocTaBe CTEHKH;

Inner — BuyTpenusiss; Middle — cpennsist; Outer — napyskHasi.

TIPU ee YMEHBIEHNN B [UCTAIHLHOM HANPABJIEHUU CO3/a-
H0TCSI UHBIE YCJIOBUSL Ui OOMEHHBIX TIPOILECCOB BO BHYT-
PEHHUX CJIOSIX CTEHKH a0OMUHAJIBHOTO OT/ENIA A0PTHI.

¥ skuBOTHBIX cirycTs 60 CyTOK 1ocJie reMopparnyecKoit
IUTIOTEH3UK HAMOOJIbIINE M3MEHEHUS KACAIKCh 3JIaCTHYeC-
KUX CTPYKTYP CTeHKH aopThL. [IpeobGpasoBanust xapakTeprso-
BAJIUCh YMEHBINEHEM KOJMYECTBA IUPKYJISIPHO PACIIOJO-
JKEHHBIX 3JIACTUYECKUX MeMOpaH (110 7—9 B TpyIHOM OT/iesie
u 110 5—7 — B OPIOLIHOM). DJIACTUYECKUE CTPYKTYPBI OKa3a-
JICH YTOJIIIEHHBIMU U TEPSIIN Y€TKOCTh CBOEH KOHCTPYKITUN
u apxurekronuku (poro 2). Hapyskuast memOpaHa ciabo OK-
pammmBaiach (HyKCeTUHOBLIME KPACUTEJSIMU, MECTAME OHA
(hparMeHTHpOBAIACH U MPOPACTATIA KOJIJTATEHOBBIMHU CTPYK-
TYPaMU CO CTOPOHBI A/IBEHTHITNN. BHYTPEHHSIS 9TacTIIeCKast
MeMOpaHa HEYeTKO KOHTYPHPOBAJIACH 110 OKPYKHOCTU COCY-
J1a, Pa3PBIXJISATIACH W CJMBAIACH C ANACTUYECKUMH dIeMEeHTa-
M TIyGOKHX CJI0EB cpeiHeii 0bosouku. B pesyiisrare a1oro
CTHPAJIACH YETKOCTH IPAHUI] MEKY OOOJIOUKAMU aOPThL.

B ormanentom mocTpenH()Y3UOHHOM TEpPHoe Ha-
6JIto/1as1ach TEHJIEHIIUS K YBEJIUYEHUI0 BHYTPEHHETO U Ha-
PY/KHOTO JIMAMETPOB IPYIHOTO OTEJa a0PThI, a B OPIOIi-
HOM OT/ieJie OTMEYAJIOCh CYIIECTBEHHOE CHIKEHUE ITUX
rnokasatesieil. Paznuiia B Hapy»>KHOM J[uaMeTpe MexK/1y IIpo-
KCUMAJIBHBIM U AUCTATBHBIM OTEJaMU a0PThI COCTABUIIA
18,7%, pasuuiia Bo BHyTpeHHeM auamerpe — 25,7%. B cBsi-
31 C 9TUM TLIOIIA/b TPOCBETA TPY/IHOTO OT/IENIa A0PTHI yBe-
JmurBaziack B cpeneM Ha 19—20%, a OPIOLIHOIO yMeHb-
mazack Ha 25% (1abJr. 1). [lnomans ke cpeaeii 06010uKn
OPIONIHON YaCTH aOPThI OCTaBaach CTAGUIBHON MO CpaB-
HEHUIO C KOHTPOJIEM, UTO OTPAYKAIOCH HA BETMYIHE HH/IEK-
ca BorenBopta, KOTOPBIII 3HAUUTEIBHO YBEJINUNBAJICS.

B rpynHoM oTziesie MOKHO TIPOTHO3UPOBATDL YBEJH-
YyeHUe MPOIYCKHON crnocobroctn (mHaekc Borensopra
CHIDKAJICS B cpelHeM Ha 35% IO CPABHEHHUIO C KOHTPO-
sgem). MHag aunamMuka nocTpenHy3nOHHBIX U3MEHEHUI
HabJoaach B OPIOIIHOM OTJieJie aOPThl. YMeHbIIEHUe
BHYTPEHHETO [THaMeTpa 1 TIOMAIN TPOCBETA B ATON 4acTu
A0PTHI B OTIATIEHHOM MOCTPENHOY3UOHHOM TTEPUOJIE TIPH-
BOJUT K YBeJUYEHUIO KOIDDUIIMEHTOB POIYCKHON CIIO-
COOHOCTH, YTO OTPUIATEILHO CKa3bIBAETCS Ha KPOBOCHA0-
JKEHMU OPraHOB OPIOLIHON MOJIOCTH BETBSIMU A0PTBI T10CJIE
nepeHeceHHo MaCCUBHOM KPOBOIIOTEPHU.

-

Puc. 2. Bpomnas yactb aoptbl. OT1a1€HHbII TOCTPenH(Y3HOH-
Hblit mepuon. Okpacka no Beiirepry. Oxyusip 15, o6bexTus 20.
Paziuynasi N0 MHTEHCHMBHOCTH W3BWIHMCTOCTh M HEPaBHOMEp-
HOCTb TOJIIMHBI 9JIACTUYECKUX MEMOPaH cpe/Heii 06010UKH.
Fig. 2. The abdominal aorta. Remote post-reinfusion period.
Weigert stain. Ocular 15, lens 20. Tortuosity of various intensity
and uneven thickness of the elastic membranes in tunica media.

the abdominal aorta (Fig. 1). Part of the adventitia in the
aortic wall was distally increased by 11.6%. Tunica intima
thickness is in 1.44 times more in the thoracic aorta, i.e. in
the case of its reduction in the distal direction the other
conditions for metabolism in the inner layers of the abdom-
inal aorta occurred.

The greatest changes were observed in the elastic
structures of the aortic wall in animals 60 days after hem-
orrhagic hypotension. Transformations were characterized
by reduction of circularly arranged elastic membranes (up
to 7—9 in the thoracic aorta and to 5—7 in the abdominal
aorta). Elastic structures were thickened and lost the con-
struction and architectonics accuracy (photo 2). The outer
membrane was poorly stained by fuchsine dyes; in some
places it was fragmented and extended by the collagen
structures from adventitia. The inner elastic membrane
was poorly contoured around the aortic circumference
being loosened and merged with the elastic elements of the
deep layers of tunica media. As a result, the clear-cut
boarders were blurred between the aortic tunica.
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B ornanentom nocTpenH(GY3HOHHOM MepUoe 13-
MEHSITIOCh U TPOIEHTHOE COOTHOIIEHUE TOJIIUHBI BHYT-
peHHell U cpeaHell 000J0YEK B COCTaBe CTEHKH aOPTHI
(tabn. 2). Ecau B KOHTpOJIE HA MHTUMY TIPYAHOrO U
OPIONIHOTO OT/AEIa a0PThl MPUXOAUAOCh 0T 2,8 10 3,8%
BCel TOJIIIMHBI CTEHKH, TO B OTAAJEHHOM TTOCTPenHdy3u-
OHHOM Tiepuoie 3Tu udpsl paBHsIUCH 3,2 1 4,2%, T. €.
YBeJUUYEHUE TOJIMHBI UHTUMBI ObLIO XapaKTEPHO JJisk
06oux oTe0B aopThl. ToImnHa cpeaHeil 060JI0YKN OKa-
3asach yBejanyeHHol Ha 18,4% B GPIOIIHOM OT/EJIE A0PThI
[PU OTHOCUTEIbHON CTaOUIBHOCTY €€ B IPYAHOM OT/IEJE.
Cawmble 3HaYNTETbHbIE MI3MEHEHUS B OT/IATIEHHOM MTOCTpe-
nHGY3NOHHOM TTEPUO/IE IO CPABHEHUIO C KOHTPOJIEM TTpe-
TepIieBajia HapysKHast 000J0YKa A0PThI: B TPYIHOM OTJI€e-
Jie TOJIIIMHA ee yBeJInYrBanach Ha 25%, a B OPIOIHOM —
Ha 35% OTHOCUTETHHO KOHTPOJbHBIX BEJTMUUH.

Y KMBOTHBIX B OTIQJE€HHOM MEPUO/E MOCIEe PEUH-
(hy3un HaMu 0TMeUYeHO 3HAYNTETHHOE TOBBIIIEHUE APTe-
puanbroro aasienust (o0 135—140 mm prt. ct.). Ilpn
3TOM OCHOBHOU NPUYUHON Pa3BUTUSA MOCTPeAHUMAIIM-
OHHOU apTepuasibHON TUNIEPTEH3UU CYUTAIOTCS PeMOjie-
JIUPOBAHUE CTEHKU aprepuil o tuity ¢hubposa, uamene-
HUEe MEKKJIETOUYHOTO B3AUMOOTHOIIEHUSI W CTPYKTYPBI
AHIOTEJNOIUTOB M TJIAJAKOMbIIIeYHbIX Kietok [10, 11].
Hamu uccienoBanust 1OKa3bIBAIOT, YTO B I10A00HBIX
CIyYasixX B apTEPUSIX TACTUIECKOTO THIIA HA TTEPBOE Me-
CTO BBICTYMAIOT MPOIECCH PEKOHCTPYKIIMH 3TACTUIEC-
KOTO Kapkaca aopTbl. Pa3zBuTue aprepuajibHON Trurmep-
TeH3UU Heu30eKHO MPUBOIUT K MOBBIIIEHHOI HAIPY3Ke
Ha aMOPTU3AIMOHHBIN anapar cocy/ia U BTOpUYHOU pe-
AKIMK BCEX KOMITOHEHTOB €r0 CTEHKH IO TUITY OTPUIA-
TeJIbHOI 00PATHOI CBsI3U.

Kak usBecTHO, KOTUYECTBO KOJIATEHA, COCTABIISIO-
I1IeT0 OCHOBY A/IBEHTUIIH aPTEPUT, MOTOKUTETHHO KOPPe-
JIUPYET C TPEeNIeJIOM TIPOYHOCTU U OTPUIATENHHO — C MaK-
CUMaJIbHBIM yasinHeHueMm cocyznos [12]. Hekoropsie
ABTOPBI OTMEYAIOT, YTO TIPH YIAJIEHUN KOJIIAreHa U3 COCy-
JACTON CTEHKU CHUKAIOTCS TPe/esl TIPOYHOCTH U KECT-
KOCTb, & TIPH YIAJeHUH 2JIACTHHA — Pa3PbIBHAS HATPY3KA U
otHocuTesbHas nedopmanus cocyna [13]. [o nammm nan-
HBIM, Y JKHUBOTHBIX B OTHQJIEHHOM MOCTPENH(DY3HOHHOM
nepuojie HabJIIOAAI0Ch CHUJKEHUE KOJIMYECTBA 3JIaCcTUYeC-
KMX MeMOpaH B cpeziteii 060/049Ke a0pThl U YMEHbIICHIE
IUIOIAY CPejiHell 000IOUKY B IPYIHOM OTJIEJIE, & TAKKE
Ype3MepHOe YTOJIIIeHne JIBEHTUIINT BO BCEX OT/ETAX a0P-
TBI. ITO 3aKOHOMEPHO YBEJINYUBAET JKECTKOCTbH apTepuit
9IACTUYECKOTO THUIA 1 YMEHDBIIAET UX YCTONIMBOCTD K Jie-
(hopMaInOHHBIM ITYIbCOBBIM HATPY3KaM.

Boicokoe apTepuasibHoe aBJenne CKa3blBAETCST TaK-
JKe W Ha CTPYKTYPE TJIQJKOMBINIEYHBIX KJIETOK CperHei
0060J104KH cOCyIOB. PsijioM aBTOPOB yKasbiBaeTcst Ha To,
4TO TJIAIKOMBIIIEUHbIE KIETKH UYPE3MEPHO YIJTHHSIOTCS,
KOJINYECTBO UX YMEHbBIAETCSI, CHUKAETCST COKPATUTENb-
Hast ciiocobHocTh Muobubpuit |14, 15]. Beaencrsue arto-
rO YMEHBIITAETCsT PEAKTUBHOCTD, PACTSIZKUMOCTD COCY/IOB C
HOBBIIIEHNEM UX «MEXaHUYECKOU JKECTKOCTH», 0COOEHHO
aprepuii asactudeckoro tuna [ 16].

In the remote post-reinfusion period the tendency in
increasing of the inner and outer diameters of the thoracic
aorta was observed, however, in the abdominal aorta a sig-
nificant decrease of the same parameters was detected. The
difference in the outer diameter between the proximal and
distal parts of the aorta was 18.7%; the distinction in the
internal diameter was 25.7%. In this regard, the lumen
diameter was increased by 19—20% in the thoracic aorta
and decreased by 25% in the abdominal aorta (Table 1).
Tunica media area of the abdominal aorta was remained sta-
ble in comparison with the control group that effected on
Vogenvort index value which was significantly elevated.

It might be predicted the increase of blood flow capaci-
ty in the thoracic aorta (Vogenvort index was lowered by 35%
in average compared to the control group). Different post-
reinfusion dynamic changes were observed in the abdominal
aorta. Narrowing of the inner and lumen diameters in the
aorta in a remote post-reinfusion period led to the flow capac-
ity rate increasing, which adversely affected the blood supply
to the abdominal organs after massive blood loss.

Ratio of the aortic intima-media thickness was
changed in the remote post-reinfusion period (Table 2).
Intima thickness of the thoracic and abdominal aorta was
2.8 to 3.8% in the control group, the same parameters were
3.2 and 4.2% in the remote post-reinfusion period, i.e. inti-
ma thickness increasing was typical for both parts of the
aorta. Media thickness was elevated by 18.4% in the
abdominal aorta with the relative stability in the thoracic
aorta. Tunica externa underwent the most significant
changes in the remote post-reinfusion period in compari-
son with the control group, thuswise, the wall thickness
was raised by 25% in the thoracic aorta, and by 35% in the
abdominal aorta vs the control values.

Significant increase of the blood pressure was regis-
tered in animals during the remote post-reinfusion period
(up to 135—140 mm Hg). In this regard, the main cause for
post-reinfusion arterial hypertension development was con-
sidered the arterial wall remodeling in fibrosis type, changes
in intercellular relationships and in structure of the endothe-
lial and smooth muscle cells [ 10, 11]. According to the results
of the studies conducted it was revealed that the elastic
artery support structure reconstruction was at the top place
in the cases involved the elastic arteries. Arterial hyperten-
sion development inevitably led to extra stress on the aortic
amortization apparatus followed by the secondary reaction
from the aortic wall components as a negative feedback.

As known, the amount of collagen is a constituent part
of the adventitia in arteries and is positively correlated with
a tensile strength and negatively with a maximal lengthening
of the vessel [12]. It has been demonstrated that in the case
of collagen removing from the vascular wall the tensile
strength and stiffness are reduced, and a breaking load and a
relative vessel deformation are lowered in case of the elastin
removing [13]. The obtained data demonstrate lowering the
elastic membrane number in tunica media and reduction of
tunica media area in the thoracic aorta in animals in a remote
post-reinfusion period, as well as the excessive adventitia
thickening in all parts of the aorta. This increases the elastic
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Puc. 3. Ipynnas yacts aoprsl. OTnanenHslii nocrpenHpy3HoH-
Hblii nepuoa. Okpacka no Ban Tuszony. Okyisp 10, oGbexTuB
100. TnagxoMblIeYHbIe CJIOM CPEAHENR 0G0N0UKH C MHOIMTAMH,
HeHTPATbHBIMU K THKPUHOBON KHCJIOTE.

Fig. 3. The thoracic aorta. Remote post-reinfusion period. Van
Geison stain. Ocular 10, lens 100. Smooth muscle layers of tuni-
ca media with myocytes neutral to picric acid.

ITo Harvim HAGIIOIEHNSIM, B OTAAJIEHHOM 1OCTpenHdy-
3MOHHOM TIEPUOJIE B YCJOBUSAX apTEPUATBHON TUNEPTEH3UN
HAPSITy € YMEHbIEHNEM KOJIITIECTBA ITAKOMBIIEYHBIX KITe-
TOK B CTEHKE AOPTbI TTOFBJISIOTCS BAKyOJU3MPOBAHHbBIE MHO-
uutel (oo 3, 4). Ha nonepeynbix cpesax CTEHKH cOCy/1a OHU
TIPEJICTABJIAIOTCS B BUJIE PA3PO3HEHHBIX «COT» € OKPYTJIBIMU
TUTIEPXPOMHBIMHE siipaMit. Takue MuOIUThI HHANGbbEPEHTHBI
K IMKPUHOBON OKPACKE, UTO MOJKET CBUJIETE/ILCTBOBATD 00 aT-
poduu COKPATUTENHHOTO arlapaTa MUOIUTOB. B yciaoBusx
TIOBBIIIEHHOTO APTEPHATBHOTO JIABJIEHUS TTPOUCXOJISINEE
VTOJIIEHe UHTUMBL. JTO, & TaKyKe CKJIA[UaThlil XapakTep
CTPOeHUs BHYTPeHHel 060104ku aopthi [ 17], uto Mbl Habiio-
[T Ha THCTOJIOTMYecKuX mperapartax (horto 2), sBisieTcs
MOP(MOJIOrHYecKIM CyOCTPATOM SHAOTENUAIBLHON AUChYHK-
UM, CTAPTYIOIIEH IIPY OCTPOI MacCUBHOM kpoBoriotepe [18].

3akiaoueHue

B pesyJibraTe mpoBeIeHHBIX NCCJIEI0BAHUIT BBISICHU-
JIOCh, UTO TPy/HAst ¥ OPIOLIHAS YACTH A0PThI OTJIMYAIOTCS
IpyT OT pyra MOphOMETPUYECKUMHU HapaMeTpaMu, 4To
oTpeiesieT Pas3JIMYHble YCJIOBUS TEeMOJMHAMMKN B HUX
[PU KPUTHYECKUX COCTOSHUAX opranusma. luneprpodus
cpelHeit 000109KY OPIOIITHOTO OT/IEJIA A0PTHI 33 CYET YTOJI-
MIEHNS TJI/IKOMBIIIEYHBIX CJI0EB CBU/IETEIBCTBYET O PEMO-
JeJINPYIONIUX MPOIeCcax B COCYAUCTON CTEHKE, YTO T0cJIe
MAaCCHBHOI KPOBOIIOTEPH CONPOBOKAAETCS CHUKEHUEM
KOJINYECTBA 3JIACTUYECKUX MeMOPaH U KCIPECCUel KO-
JlareHcoiepKanmx cTpykryp. s rpyHoro oTiesna aopTs
10106HbIE M3MEHEHUST BHIPAKAIOTCS] CHUKEHUEM TLJIOMIAN
cpelHeit 000I0UKY, 3HAYUTEIbHBIM YTOJIIIEHUEM a/[BEHTU-
MU U PE3KUM yMeHblIeHueM Koah(HUIIMEeHTOB MPOILyCK-
HOU CIIOCOGHOCTH, 4TO, BO3MOKHO, SIBJISIETCSI KOMIIEHCA-
TOPHBIM MEXaHU3MOM, I03BOJISAIOMUM 3(DGHEKTUBHO
OCYIIECTBUTH KPOBOCHAOKEHUE TOJIOBHOTO MO3T'a U JIETKUX
B OTJQJIEHHbBIE CPOKH TI0CJI€ MACCUBHOIN KPOBOIIOTEPH.

Puc. 4. Ipynuas yacts aoptel. OtasieHHbli tocTperHgpy3HOHHbIH
nepuoz. Okpacka reMaToKCHIMH-303MHOM. OKyJisip 10, 00beKTHB
100. IMommopduaM U IeCTPYKIMS MUOLMTOB CPeIHEl 000I0UKH.
Fig. 4. The thoracic aorta. Remote post-reinfusion period. HE
stain. Ocular 10, lens 100. Polymorphism and myocytes
destruction in tunica media.

arteries stiffness and reduces their resistance to arterial pulse
deformation loads in norm.

High blood pressure affects the smooth muscle cell
structure of tunica media. Smooth muscle cells are exces-
sively lengthened, their number is decreased, and myofib-
rils contractility is reduced [14, 15]. As a result, vascular
reactivity and distensibility with «mechanical hardness»
are reduced mainly in elastic arteries [16].

Presented data demonstrate that in the remote post-
reinfusion period under hypertension the smooth muscle
cells lowering occur along with vacuolated myocytes appear-
ing in the aortic wall (Fig. 3, 4). They are represented as «dis-
parate cells» with rounded hyperchromatic nuclei in the
cross sections of the aortic wall. These myocytes are indiffer-
ent to picric stain that can point out the myocyte contractile
function atrophy. Under conditions of high blood pressure
both tunica intima thickening and its folded nature [17], as
observed on a histological examinations (Fig. 2), represent
the morphological substrate of endothelial dysfunction start-
ing in acute massive blood loss [18].

Conclusion

Thoracic and abdominal parts of the aorta might be
distinguished from each other by the morphometric para-
meters representing consequences of different hemodynam-
ics in both aortic parts at critical conditions. Tunica media
hypertrophy of the abdominal aorta due to the smooth mus-
cle layers thickening indicates the remodeling processes in
the aortic wall, which is accompanied by elastic membranes
decrease and collagen structures expression after massive
blood loss. The changes in the thoracic aorta are expressed
by tunica media area reduction, considerable adventitia
thickness, and a sharp reduction of the blood flow capacity
rate that presumably represents a compensatory mecha-
nism allowing an effective blood supply to the brain and
lungs in the remote periods after massive blood loss.
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