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THE SPECIFIC STRUCTURE OF THE AORTIC WALL IN RATS
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In this work, specific morphological and morphometric parameters of the aortic wall of white rats
were studied, depending on the age of the animals. As a material, the aorta of 6, 12 and 24-month-old
rats was taken in its entirety, that is, the thoracic, thoracic and abdominal parts separately. When
analyzing the morphometric parameters of the rat aorta by age, it was confirmed that all its
parameters: the outer and inner diameter increased by 2 times by 24 months, the area of the cavity-by 9
times, the Foggenworth index, on the contrary, decreased. It was observed that the layers of the aortic
wall increased by 35.1% by 24 months each and the total wall thickness.

In young rats, the endothelial layer of the aortic wall is uneven, of varying thickness, the basal
membrane is wavy, the intimate is relatively thick, with a large number of cells, in the adjacent part of
the median layer, elastic fibers are thin and randomly arranged, in the outer layer of the median shell,
elastic fibers are thick and wavy. It was found that 24-month-old rats had specific morphological
changes in almost all layers of the aortic wall. The endothelium is thickened, its cells are dense, the
elastic fibers of the median are thick and dense, the borders are blurry, adjacent to each other, the cells
of the urinary muscle are densely located between them.

Key words: rat, aorta, endothelium, intima, mediastinum, adventitia, morphology, morphometry.

KYEHJIAP AOPTA JEBOPHU TY3WJIMIIAHUHI Y3UTA XOCJIUTHU
Aboynnaesa M.A., Hcpaunos P.U. Kaouposa JI.B.

Byxopo naBnatr THOOMET HHCTHTYTH
v’ Pestome

Ywoy wwoa kyéunap aopma oOeeopunumnz jy3uca xoc mopghonocuxk ea mopgomempuk
Kypcameuyunapu xaiieonnap éwuca Kapaéd ypzauunou. Mamepuan cugpamuoa 6, 12 ea 24 oiinuk
Kyéunap aopmacu mynauk Xo710d, AbHU PAGO2U, KYKPAK 64 KOPUH KUCMU A10XUOA-A10XUOA OAUHOU.
Kyéunapnunz éwiu 0yiiuua aopmacu mopgomempuxk Kypcameuuaapu maxaui KuiuHnzamoa, dapua
Kypcameuynapu: mawku 6a uuku ouamempu 24 oinuxea keauob 2 6apooapza, OVuiauUHUNZ MAaii0oHU
9 6apobapea owaznnuzu, Bozzensopm unoexkcu axcunua Kamaiuuod dopzanaucu macoukianou. Aopma
0egopu Kamaamaapu xap Oupunumnz ea ymymuil 0egop xanunauzu 24 oiinukza xeaud 35,1% owuod
Oopeannuzu Kyzamunou.

Ew kyéunap aopma oOeeopu >ndomenuii Kagamu HOmMeKuc, Xap Xui KalUHAUKOG, 6azan
MemoOpanacu mMyaKUHCUMOH, UHIMUMACU HUCOAMAH KATUH, Xydcaupaiapu Kyn, Meous Ka6amuHuHz
YH2a mymauwi KUCMUOQ IIACMUK MONANAP I0NKA 84 Oemapmud Hcolnauwiean, MeOUAHUHZ MAawiKu
Kasamuoa 31acmuK moaanap uy2oH 6a mynaKuUHCUMOH dcoulrawiean. 24 oiinuk Kyénnap aopmacu
degopuda Oeapiux Oapua Kasamaapuoa y3uza Xoc MOPPHONOUK Y32apuuiaap Maedxcyoausu
AHUKNAHOU. DHOOMeEN Ul KATUHIAWZAH, XYHcalpanapyu 3uld, MeOUAHUHZ INACMUK Mmolanapu Kaiul
6a 3uu, uezapanapu HOAHUK, Oup-Oupuza mymawiud KemzaH, yAaApHUHZ OPACUOAZU CUTIIUK MYULAK
Xyacaupanap CUKUIUG Hcounauwiean.

Kanum cyznap: kanamywi, aopma, IHOOmMeaUll, UHMUMA, MeOUs, A0BEHMUYUA, MOppoaocus,
Mmopghomempus.

CIHIEHU®PUKA CTPOEHUS CTEHKHN AOPTBI KPOJIBIK

Aboynnaesa M.A., Ucpaunoe P.U. JI.B.Kaouposa

Byxapckuii rocygapcTBEHHBIN METUIUHCKBIA HHCTUTYT
v’ Pestome
B smoii pabome Ovinu usyuenvt cneyuguueckue mopgonozuveckue u mopgomempuuecKkue
nokazamenu CMEHKU aopmul KPOJIUK 6 3A6UCUMOCHIU OMl 803pacma dicueomuvix. B kauecmee
Mmamepuana ovina é3ama aopma 6, 12 u 24-mecaunvix KpoaukK 6 nojaHom odveme, Mo ecmo 2pPyoHas,
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2pyonas u oprowHas wacmov omoenvho. Ilpu ananuze mopgomempuueckux nokazameneii aopmol
KPOJIUK HO 803pACHY 0bl10 NOOMEEPHCOEHO, YMO 8Ce ee HOKA3Ameau: HAPYIHCHbLL U GHYMpPeHHU
ouamemp K 24 mecayam yseauuunucev ¢ 2 paza, niouwiade nonocmu-¢ 9 pas, unoexc Dozzeneopma,
Haobopom, ymenvuunca. bvino zameueno, umo cnou cmenku aopmel yeeauyugaiomesa na 35,1% k 24
Mecauam Kaxrcowvlil u 00uias moauuna CmenKu.

Y monoovix Kponux snoomenuanvHvlii C10U CHMEHKU AOPHMIbL HEPAGHOMEDPHDbLI, PA3IUYHOU
monuwunbl, 0a3a1bHAA MEMOPAHA BOTHUCMASA, UHMUMHAA OMHOCUMEIbHO MOJICMAs, ¢ 00NbUUM
KOu4ecmeom Kiemox, 6 npujiecarouieil K Hell 4acmu cCpeOuHHO20 C10s IacmuiecKue 60710KHA
MOHKUEe U XAOMUYHO PACHOIONCEHHbIE, 8 HAPYICHOM C10€ CPeOUHHOU 00010YKU INACHmUYECKUE
60]I0KHA PACNOJI0)CEHbl MOJCMbIMU U 8oAHUCmbIMU. Bolno obéuapysyceno, umo y 24-mecaunvix
KpPOJIUK 0bl1u cheyugduueckue mopghonozuieckue usmeHeHus ROYMU 80 6cex C/10AX CHEHKU aopnbl.
Duoomenuii ymonuien, KiemKu e20 NAOMHble, INACHMUYUECKUE B0J0KHA CPEOUHHble MOJICHble U
naomuble, ZPAHUNBL PACNIBIEUANIbL, RPUNE2AIOM OPY2 K OPY2y, MeHCOy HUMU NIIOMHO PACHOIA2aAI0MCs

KJ1emKu Mo4egvloenumenbHoi Moliuilbl.
Knwueevie cnosa: kpoauk, aopma,
Mmopghonozusn, mopghomempus.

Relevance

T he urgency of the problem. Recently, changes

in the anatomical, topographic and histological
structures of the aorta under the influence of
various exogenous and endogenous factors,
cardiovascular disease, increasing the number of
scientific studies on human age (1,2,3). The
researchers note that under the influence of the
above factors, the organometric parameters,
biomechanical properties of the aorta change
(Avtandilov GG Meditsinskaya morphometry.- M.-
1990.- 378 p.). In this process, the wall of the aorta
thickens, the lining changes, the diameter expands,
the ratio of the layers of the aortic wall to each
other changes to different degrees (4,5,6). Not only
under the influence of internal and external factors,
but also as a person ages, changes occur in the
layers of the aortic wall due to the process of
physiosclerosis. Under the influence of exogenous
factors in addition to invasive changes, specific
changes initially begin in the intima of the aortic
wall. It often develops pathomorphological
changes in metabolism, including the absorption of
cholesterol and lipids (7,8,9,10). Because each of
the layers of the aortic wall has a unique tissue
structure, more dystrophic and destructive in the
intima, mucoid and fibrinoid swelling of the
basement membrane, swelling and fibroelastosis in
elastic fibers, hyperplasia, hypertrophy, sometimes
metaplasia and dysplasia processes in smooth
muscle cells may develop. In view of the above
discussion, modeling and testing of
pathomorphological changes specific to diseases
that develop in the aorta, the most important organ
of the human body, including the cardiovascular
system, in experimental animals will help to
understand these pathomorphological changes.
Therefore, the study of the anatomical, histological

IHOOmenuil,

UHmMuUMa, CpeoocmeHue, a06eHmMuUyUA,

specific structure of the animal aorta in relation to
age is the basis of scientific research.

The aim of this study was to study the specific
morphological and morphometric characteristics of
different parts of the aorta in the experiment
depending on the age of the animals.

Material and methods

The aorta of 6-, 12-, and 24-month-old rabbits
was completely removed, as were the pelvis, chest,
and abdomen. The length, diameter, and wall
thickness of all parts of the aorta were measured.
Fragments were cut from each for histological
examination. The aortic segments were immersed
in a neutralized solution of 10% formalin for 48 h,
then washed in running water for 3 h, dehydrated
in increasing concentrations of alcohol, and
paraffin was poured and the implants were
prepared. Histological incisions of 5-6 microns
thickness from paraffin bricks were prepared on a
special microtome. From the histological incisions,
the paraffin material was dissolved in xylene and
stained with hematoxylin and eosin dyes.
Histological preparations were studied on 10, 20,
40 lenses of Leyka type microscope and the
necessary areas were photographed. Morphometric
calculations were performed on micrographs taken
on 40 microscope lenses, each with 6 images. In
histological preparations, the outer and inner
diameter of the aorta were measured, the intra-
aortic cavity and aortic wall area were measured in
mm2, and the aortic wall, intima, medial, and
adventitia thickness were measured in pm. To
assess the functional status of the aorta, the
Wogenworth index was calculated, i.e., the ratio of
the area of the aortic wall to the area of the aortic
cavity. Morphometric data were statistically
processed in the IBM SPSS Statistics program.
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Result and discussion
The outer diameter of the aorta was 2.4, + 0.04
mm at 6 months and slightly less than doubled at
24 months. In parallel with these figures, it was
found that the internal diameter of the aorta also
doubled by 24 months. The cross-sectional area of

the aorta was 2.54 mm2 in 6-month-old rabbits,
doubled at 12 months, and 9-fold (11.33 mm2) at
24 months. the Wogenworth index decreased in
recent periods due to a significant expansion of the
aortic cavity wall (Table 1).

Morphometric parameters of the aorta (M + m) Table 1
Indicators 6 months old 12 months old 24 months old
Outer diameter, mm 2,4,+0,04 3,3+0,06* 4,4+0,05**
Internal diameter, mm 1,8+0,03 2,6+0,05* 3,6+0,07**
Wall area, mm? 0.36 0,49 0,64
Space area, mm? 2,54 5,74* 11,33**
Vogenvort index 0,14 0,085* 0,056**

Application: * - statistical indicator difference (T-criterion, r<0.05 relative to 6-month indicators); **
- Difference of statistical indicators (Manna-Whitney criterion, compared to 6-month indicators).

Analysis of the obtained morphometric
parameters showed that the total thickness of the
aortic wall at periods of 12 and 24 months (81.13 £+
445 and 92.28 + 3.19 um) was equal to the
thickness of the aortic wall at 6 months (68.33 +
4.21 pum). observed to increase relatively reliably.
It was found that the aortic wall layers also
differed from each other according to the age of

Thickness indices of aortic wall layers, pm Table 2

the rabbits. Intima thickness was 6.87 £ 0.27 pum at
6 months, 7.92 + 0.33 um at 12 months, and 8.24 +
0.36 pum at 24 months. The median thickness was
also found to be slightly less than doubled by 24
months, compared with 49.57 + 4.08 um at 6
months (Table 1).

No significant thickening was observed in the
adventitia layer.

Indicators 6 months old 12 months old 24 months old
Intima 6,87+0,27 7,924+0,33* 8,24+0,36%*
Media 49,57+4,08 57,2+4,16* 69,69+2,4**
adventure 12,88+1,61 15,01+1,48 14,75+1,53
The total thickness of the aortic | 68,33+4,21 81,13+4,45% 02,28+3,19%*
wall

Application: * - statistical indicator difference (T-criterion, r<0.05 relative to 6-month indicators); **
- difference in statistical indicators (Manna-Whitney criterion, compared to 6-month indicators).

The results of the study showed that the control
group rabbit aorta wall consisted of intima, media,
and adventitia layers as usual. The aortic wall
consists of endothelial cells covering the surface of
the inner intima layer, the basal membrane, and a
thin connective tissue intima stroma. Endothelial
cells have a flattened structure, only the area where
the nucleus is located is observed to be swollen.
The nucleus of endothelial cells is elongated, the
surface is smooth, stained dark with hematoxylin,
and some nuclei are found to protrude from the
inner surface of the aorta (Fig. 1). In some places,
several nuclei are detected in the endothelial cell,
and their shape is mainly flat, polygonal structure,
located in the basal membrane below. The basal
membrane has a relatively thin, fine, and sparse
fibrous structure. The endothelial cells and the

N

intima layer beneath the basement membrane are
composed of well-developed, finely formed non-
vascular connective tissue and a layer containing
collagen and elastic fibers. The tissue interstitial
material of this layer consists of alkaline
mucopolysaccharides and phospholipids, which
ensure the permeability of the aortic wall. In some
areas of the intima, slightly basophilic stained foci
with slightly vacuolated, containing hematoxylin
inclusions are detected, which means that in terms
of staining, these foci indicate the accumulation of
alkaline mucopolysaccharides (Fig. 2).

The middle layer of the aortic wall of the
control group rabbits consists mainly of elastic
fibers, in which the layers of elastic fibers are
counted from 15 to 20. Each of the elastic fibrous
layers is connected to the adjacent ones by elastic
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tufts and generally forms a whole eastern fibrous
carcass (Fig. 3) .Elastic fibers have a wavy
structure due to the presence of smooth muscle
cells between them, the thickness and color are
almost the same everywhere. Among the elastic
fibers, smooth muscle cells of various sizes and
shapes are identified. Their cytoplasm is stained
light purple, some of which have vacuolation. The
nuclei of smooth muscle cells are mostly elongated
and oval in shape, forming irregular fine-grained
clusters of chromatin. Some smooth muscle cells
have a thin and slender shape as a result of
compression between elastic fibers, and the nuclei
are also elongated. When we examined the outer
adventitious layer of the aortic wall, it was found
that the outermost tuft of elastic fibers there was
slightly torn, fragmented, and connected to the
surrounding connective tissue fibers (Fig. 4). The
connective tissue has a thin, unformed structure.
The argyrophilic fibers in it are sparse and chaotic,
the intermediate material is in a swollen state, the
cells are sparse and consist of young connective
tissue cells.

Examination of the aorta of 6- and 12-month-
old rabbits revealed that the endothelial surface is
uneven, the basal membrane has a wavy structure,
the unformed connective tissue intima is of
different thickness, in some places there are many
cells, few fibers, in other places there are many
fibers. determined to do. Another distinctive
structure in the aortic wall of animals of this age is
that the elastic fibers in the medial layer close to
the intimate aortic wall are relatively thin and
chaotic, with smooth muscle cells arranged
randomly, and the nuclei in various shapes, most
reminiscent of young cells. (Figure 5). In the
middle areas of the medial layer, the elastic fibers
have a relatively thick and wavy structure, between
which the smooth muscle cells are found to have
both a cytoplasm and a hyperchromic and blast
structure of the nucleus.

In the aortic wall of 24-month-old rabbits,
specific morphological changes were found in

almost all layers relative to young rabbits. The
endothelial layer is slightly thickened, the cells are
densely packed, and their nuclei are found to be
relatively hyperchromic. It is observed that the
unformed connective tissue intima is thinner and
denser than in previous periods, directly attached
to the elastic fibers. The elastic fibers are also
relatively thick and dense, the boundaries are
indeterminate, intertwined (Fig. 6). It is found that
the urinary muscle cells between them are
compressed between the fibers, resulting in an
elongated shape, especially when the nucleus is
elongated and the chromatin is relatively
concentrated.

Conclusions

When analyzing the aortic morphometric
indicators of the age of the control group rabbits, it
was confirmed that all indicators: outer and inner
diameter increased by 2 times by 24 months, the
area of the cavity increased by 9 times,
Voggenworth index decreased by contrast. It was
observed that the thickness of each of the layers of
the aortic wall and the total wall increased by
35.1% by 24 months.

The endothelial layer of the aortic wall of
young rabbits is uneven, of varying thickness, the
basal membrane is wavy, the intima is relatively
thick, many cells, the elastic fibers are thin and
chaotic in the adjacent part of the medial layer, the
elastic fibers are thick and wavy in the outer layer
of the media.

In the aortic wall of 24-month-old rabbits,
specific morphological changes were found in
almost all layers relative to young rabbits. The
endothelial layer is slightly thickened, the cells are
dense, the elastic fibers of the media are also
relatively thick and dense, the boundaries are
indistinct, intertwined, the urethral muscle cells are
compressed between them, resulting in an

elongated shape, especially the nucleus elongated
and chromatin relatively concentrated.
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Figure 1. The aortic wall is composed of single-
layered flattened endothelial cells, the nuclei of
which are also elongated cells. Paint: G-E. X:
0k.10 x ob. 40.

Figure 2. There are aortic wall intima, small and
large vacuolated foci. Paint: G-E. X: ok.10 x ob.40.

Figure 3. The elastic fibers of the aortic wall have
a wavy structure. Paint: G-E. X: ok.10xob.40.

Figure 4. The aortic wall is an adventitious layer
composed of unformed connective tissue. Paint: G-

—

E. X: 0k.10 x 0h.40.

Figure 5. The aortic wall is a 6-month-old rat.
The intima is thick, the elastic fibers beneath it
are thin and chaotic. Paint: G-E. X: ok.10 X
0b.40.

Figure 6. 24-month-old rat aortic wall. The intima
is thickened and compacted, the elastic fibers are
thickened and densely packed, the smooth muscle
cells in between are elongated. Paint: G-E. X:
0k.10 x 0b.40.
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