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Structure and Histophysiological Considerations
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SUMMARY: This paper described the architecture of the dog aortic arterial wall focused in the ascendant; thoracic descendent,
and abdominal parts of the aorta. Furthermore, in this study we analyzed the wall structure of the right external iéiad &reehgft
vertebral artery of dog aiming to compare their architectural patterns with the aortic wall mainly in abdominal aortiéchantas/h
structured by a mixed muscular and connective matrix equilibrated elements. The variables analyzed were the thicknessadf each m
layer; the number of elastic lamellae, mainly localized into the medial layer structure, and the diameters of each aottidlsegme
aortic structure showed a typical elastic pattern in the ascendant and descendant thoracic parts, but in its abdomiadkessgment
presence of elastic lamellae permitted to classify it with a mixed mural composition. The aortic segments mainly preséhted vari
amounts of smooth muscle cells and connective matrix assuming a meshwork pattern. Furthermore, smooth muscle cells were seen
intermingled with connective lamellae and fibers forming the complex meshwork related, which certainly helped to guazantiee the
mural integrity during the aortic blood flow.
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INTRODUCTION

Anatomic texts when referring to mural aortic Also observed on the mural aortic architecture of dog
architecture and describing the large aortic ramificationwas the presence of membranous elastic tissue also disposed
classify these vessels with an elastic pattern. The largs lamellae and fibers (Song & Roach, 1985; @rsil).
arteries directly branching from aorta, such as the carotithe predominance of aorta elastic tissue in mammals is
and subclavian arteries, were structured by several elasticcomplished by interconnections among elastic lamellae
lamellae and fibers in their coats. Also, the parietal andnd connective dense lamellae throughout connective den-
visceral collaterals originated from those vessels, e.g. tise fibers. Complex networks were seen, including smooth
vertebral and external iliac arteries, presented a relativeuscle cells intermingled with elastic and connective dense
major number of smooth muscle cells in their parietal coatamellae and fibers, mainly disposed into the aortic medial
(Viegaset al, 2004; Martiniet al, 2009; Tortora & layer structure (Tindall & Svendsen, 1982; Clark & Glagov,
Grabowisky, 2012). Perhaps, some papers suggest28i85; Hasset al, 1991; Awalet al, 1995; Viegast al,
presence of a mixed structure from the abdominal part @01; Orsiet al; Mello et al, 2004, 2007, 2009).
aorta, in which equilibrium in the mural distribution of
smooth muscle cells and connective matrix components Besides these reports the morphometry of some
were verified, with a minor number of elastic lamellae angparameters concerning the aortic mural structure had not
fibers occurring (Viegast al, 2001; Orsket al, 2004; Me-  been described at comparative level, such as: (1) the medium
llo et al, 2004, 2007, 2009). This last distal aortic wallthicker of the aortic layers at segmental levels from the aor-
composition apparently supports one of the causes for aa-transit inside the thoracic and abdominal cavities; (2) the
dominal aortic aneurysm pathology (MacSweerewl, medium number of elastic lamellae presented into the medial
1992; Hennewt al, 1993). aortic layer according to segmental transit pattern; (3) a
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comparative analysis among those parameters referred andlysis system (Zeiss KS-300). Similar procedures were taken
similar patterns observed into the layers of the external ilidimom the right external iliac artery segment (position P4), as
artery, and (4) a theoretical analysis made between thvell as to measure the vertebral arterial coats (C1 and C2
structural physiology of the aorta wall and the architecturabnditions).
mixed wall pattern of the right iliac artery and left vertebral
artery. Both the last arteries presented equilibrated smooth ~ The Zeiss KS-300 system was also used for elastic
muscle cells and connective elements in their layers (Evatemellae counts made in aortic and external iliac artery
1993; Viegaset al, 2001, 2004; Martinet al; Tortora & segments, following measurements of the arterial diameters
Grabowisky). The aim of this study was to analyze thegd these vessels realized in regular round shaped samples of
parameters. each vessel analyzed. The numerical data obtained of the
segmental thickness of the aortic wall and external iliac artery
layers were analyzed by parametric quantitative method. The
MATERIAL AND METHOD parametric data were employed to yield the median values of
the arterial mural layer thickss.

Ascendant aorta (T2-T3 level, 1th position or P1),
descendant thoracic aorta (T7-T8 level, 2th position, or PBESULTS AND DISCUSSION
abdominal aorta (L6-L7 level, 3th position or P3), and right
external iliac artery (at its middle part, 4th position or P4),
samples were collected from ten adult mongrel dogs (Canis  The medial layer of the dog aorta was thicker than the
familiaris), of both sexes weighing 13 kg of average. Also, ather layers and showed the greater thickness in the ascendant
segment of the left vertebral artery was collected from thboracic segment (Fig. 1), such as was described in other
dogs, near the origin of this artery from the left subclaviamammal, also including the aorta of the dog (Viegial,
artery. 2001; Orsiet al; Mello et al, 2004, 2007, 2009). Inside the
ascendant aortic wall a luminal blood flow was observed which
The dogs were sacrificed by intravenous injection ahows a vortex pattern as a consequence of the left ventricular
barbiturate salt and the arterial tree was perfused by graviystolic pressure (Melbin & Detweiler, 1998).
with buffered formalin (0.1 phosphate buffer, pH 7.2) applied
at a continuous flow in all the dogs, whose collected materials An intermediary mural thickness was observed from
were destined for light microscopy studies. the aortic descendant thoracic segment, followed by a lesser
mural thickness showed in the aortic abdominal segment (Fig.
The materials were routinely processed for histolog¥), according to the last authors cited. The last two aortic
by embedding of the tissues in Paraplast resin. Five to sexssgments showed a lamellar blood flow into the aorta luminal
micrometre sections were taken and stained with HE, Vaoompartment, in which blood cells formed organized spatial
Gieson’s Picrofuchsin, hydrochloric orcein, and Calleja angrrangements surrounded by the blood plasma, which helps
Masson trichromes (Lillie, 1965). A part of the microscopi¢o guarantee an adequate renal perfusion (Melbin & Detweiler).
materials being four histological sections of the aorta, focusing
on the three positions (P1, P2, and P3), was considered in all  Referring to the histological findings verified to the
the dogs, whose data were submitted at random measurementsbination formed by the inner layer plus the medial layer
of the aortic thickness. Afterwards, the same number ffom the aorta segments (C1 condition, Fig. 1), similarly
histological sections from the right external iliac artery (P4gescribed in other mammals (Viegasl, 2001; Mellcet al,
was submitted to the same measurement used from the ad@04, 2009), could be considered the radial distension verified
Two conditions (C1 and C2) were adopted from the aortic wall during the impact of the systolic pressure of the
measurements of the arterial walls, referring to the thicknelksart left ventricle (Tindall & Svendsen; Sthebens, 1996).
of the inner plus medial layers (C1) and the thickness of the
adventitial layer (C2). Apparently, the interrelations established among
smooth muscle cells and connective lamellae and fibers were
The thickness of the aortic layers was measuregrevalent, mainly disposed as meshwork into the aortic medial
considering the two conditions (C1 and C2), which werand adventitial layers (Wolinsky & Glagov, 1967; Tindall &
established in transverse histological sections{} stained Svendsen; Clark & Glagov; Hassal; Awal et al; Viegaset
with Masson trichrome from each aortic segment (positiora., 2001; Orsket al; Mello et al, 2004, 2007, 2009). Those
P1 from P3), using a 10x ocular micrometer and a 20x objectivgermingled connections established between mural elastic
under an Olympus BH-2 microscope, and also using an imaged dense collagen fibers and lamellae, and also with smooth
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1000 elastic fibers that joined disperse elastic and collagen lamellae,
900 whose general disposition was observed as a framework
w0 \ composition. Similar pattern was described previously from
. \ the dog itself (Song & Roach); concerning the last histological
\ pattern described, it was generally observed in mammals,
o0 \ according to the authors here cited. Nevertheless, it was
500 \ necessary to consider from the aortic mural histology some
400 species specific peculiarities, especially characterized in
s \ laboratory rodents (Mellet al, 2004); dog (Song & Roach;
. \ Orsiet al), and in tufted capuchin monkey (Medlbal, 2009).
1°° e The occurrence of a minor number of elastic medial
° o ‘ - - - ‘ ” " —c lamellae in the abdominal segment of aorta was previously

Fig. 1. Diagram representative of the thickness of the dog aortavgt”fled N So.me mf"‘mma's (V.Iegasal’ 2001.‘ Melloet al,

the level of the segments P1 to P3 and also representation of%%m' 2009), Iﬂcludlng man (Simionescu &_S'm'on.escu' 1981),
thickness of the dog right iliac external artery 4th position(P4find dog (Orset al). This could be associated with a lesser
analyzed under the conditions C1 and C2. P1 to P3 representeddi@meter of the aorta in this segment (Fig. 1). However, no
segmental levels, or parts, in which aortic segments were studidéscription had considered this last hypothesis, On the other
being P1: ascendant aortic (T2-T3 level) segment; P2: descendaahd, a lesser number of elastic tissue in distal mural aorta
thoracic segment (T7-T8 level), and P3: aortic abdominal segmeg{el, seemed to be related to the pathology of human aortic

((L6-L7 level). P4 represented the middle part of the external iIiaé‘neurysm disease (MacSweeetyl: Henneyet al).
artery in which transverse arterial segments were collected. C1 '

represented the first condition referring the arterial layers studying . . . . .
the thickness of the inner coat plus the medial coat. C2 was the As was described in the introduction, referring to the

thickness of the arterial adventitial layer. minor number of mural elastic lamellae observed in the abdo-
minal (distal) part of the dog artery, there are similar reports
of the human aorta (Simionescu & Simionescu; Magtiail.).

muscle cells, help guarantee the aortic mural integrity, besid@eth these observations based on the decrease of the

the alternative mechanic impacts suffered by the aortic walbnnective matrix elements and scarcity of smooth muscle

during cardiac cycle (Sthebens; Melbin & Detweiler; Mulronegells arrangements (or networks). This wall pattern was

& Meyers, 2010). described in aorta medial layer from older men. It could be
one of the main causes from the distal aortic aneurysm etiology

The median value of elastic lamellae verified into th&é human being (MacSweeneyal.; Henneyet al.).

aortic medial layer decreased from the ascendant thoracic

segment to the abdominal infra kidney segment. A medi:”

value of 40 concentric elastic lamellae was observed (positi *

1, or P1), into the medial layer of the ascendant aortic segme «

This number was followed by 30 elastic lamellae (position : s

or P2) localized into the medial layer of the descendant thora ,, I —

aorta, and a lesser number of 15 elastic lamellae (position _

or P3), occurred in the descendant abdominal part of ao Y

(Fig. 2).

40

15 30

Furthermore, the aortic diameters accomplished a < .
milar pattern, with median values offfOmm in the ascendant s ,
segment; 81.2 mm in the descendant thoracic part, arid4é
mm in the abdominal segment of the aorta. The adventiti
aortic layer in dog appeared as a thinner coat in all the aortic

segments focused: including the mural structure of the rig {9- 2. Diagram representatiye of the median values of elastic
. . amellae presented in the medial layers of aorta, at the level of the
external iliac artery (Fig. 1).

segments (P1 to P3), and also representation of median values from
. elastic lamellae of the medial layer in right iliac external artery

The adventitial layer was formed by lamellar andpg). The data were analyzed under the conditions C1 and C2. See
fibrous collagen and elastic tissue disposed with transversgyend of Figure 1 to see the explanation of the positions (P1 to
longitudinal and oblique orientations, with interconnectingr4), and conditions (C1 to C2).

P1 P2 P3 P4

OSériel MSérie2
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An expressive decrease in number of lamella®ONCLUSION. The arterial wall observed in the aortic
arrangement occurred into the medial layer structure of thepographic segments, of the adult dog, showed a similar
right external iliac artery (Fig. 2). This last artery with mepattern from the mural layers arrangements, which were
dian value of seven elastic lamellae into its medial layaeproduced in general terms, from the right external iliac
was considered a vessel with predominance of mural smoattiery and from the left subclavian artery in this species.
muscle cells structure. Concerning the median diamet€he mural histologic pattern was represented by an
observed from the right external iliac artery, it was aboiumtermingled meshwork of smooth (contractile) muscle
2.7+0.5 mm. Moreover, a similar structure comparativelgells and connective elements (passive formations),
with the external iliac artery was seen for the left vertebrabserved mainly into the medial layer building of each
artery of the dog, which also showed a muscular pattemrtery analyzed. Obviously, aorta was a classic elastic blood
Muscular arterial structure and topology have been describeglssel in their proximal (ascendant) and descendant
in specific literature, mainly in man (Simionescu &thoracic segments, whose blood flow inside their vascular
Simionescu; Martinet al; Tortora & Grabowsky). lumen presented great pressure level, demanding major

reinforcement of the aortic wall. However, in the abdomi-

The external iliac artery and also the vertebral arteryal post renal aortic part the mural structure presented a
were distributive vessels. In both these arteries the lumimaixed and equilibrated amounts of smooth muscle cells
compartment required ordinate blood flow, necessary tnd connective matrix. A lesser number of elastic lamellae
assure a better distribution of blood components. Specifind elastic and connective dense fibers was verified in the
blood supply was made to the pelvic limbs by the externabdominal aorta segment. This pattern was similar from
iliac artery and its branches, as well as a main part of thee building of the other two muscular (predominat)
central neural irrigation supplied by the vertebral artergrteries, studied for comparison among the mural
(Evans; Martiniet al; Tortora & Grabowsky). architecture of the blood vessels focused.
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RESUMEN: El objetivo de este trabajo fue describir la estructura histolégica de la aorta del perro adulto, a través del andlisis
morfométrico. Fueron estudiados los tres segmentos de la aorta, ascendente y descendente toracicos, y el segmentceaiod@minal inf
los rifiones. Esta Ultima porcidn presentd un patron estructural mixto, con tejido muscular liso y conectivo, con equdita® ent
células musculares lisas y el componente mural tipo estroma, con elementos fibrosos y laminillas elésticas. En lasderiasyoatées
se observo el clasico patrén elastico en la estructura mural, con una mayor proporcion de los componentes activos (sus3gueres |
los pasivos, o sea, laminillas y fibras conectivas. El nimero de las laminillas elasticas fue decreciente desde |la aoita escend
direccién a la parte abdominal de la aorta. Los diametros de los tres segmentos tifieron de manera similar. La compalacion entre
estructura mural de la aorta y la histologia de la arteria iliaca interna derecha y arteria subclavia izquierda, ambas,fuscuar
analizadas de manera objetiva, encontrando diferencias en el patron mural aértico, principalmente en el segmento adltico termin

PALABRAS CLAVE: Arteria; Estructura mural; Histofisiologia; Perro.
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