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Abstract: The renal artery is frequently involved in the pathogenesis of vasculorenal diseases, and it is a target in kidney
surgery and therapeutic techniques for refractory hypertension. However, few detailed structural studies on the human renal
artery have been conducted. Using histocytochemistry, immunohistochemistry, and quantitative image analysis, the wall
thickness, structure, smooth muscle cells, extracellular matrix, and proportion of elastic tissue in the tunica media of main
human renal arteries were used estimated. Ninety-six tissue samples were collected from sections of the right and left main
renal arteries. The results showed that the renal artery changed from an elastic vessel in its proximal segment to a muscular
artery in its distal part. A critical characteristic of the renal artery was the presence of longitudinal smooth muscle cell
formations in the tunica adventitia of middle and distal segments but not in the proximal part of the artery. In addition, the
tunica adventitia of the renal artery showed a rich vascularization and the presence of numerous nerves profiles. The artery's
regional structural and morphometric features explain that a particular arterial pathology is more frequent in a specific vessel
sector than in others. In addition, those characteristics could determine a different therapeutic response attending to the

arterial sector.
Key words: Renal artery, Morphometry, Immunohistochemistry, Smooth muscle, Extracellular matrix

Received March 30, 2022; Revised May 14, 2022; Accepted May 24, 2022

Introduction

Kidney transplantation surgery, in which vascular abnor-
malities account for dysfunction in up to 10% of the renal
transplanted patients at any time after graft placement [1],
and the use of current techniques for treating refractory hy-
pertension make the renal artery growing in relevance.

Angioplasty to repair renal artery stenosis [2-4] renal de-
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nervation to control sympathetic arterial activity, including
catheter-based renal denervation [5-7] and renal artery ad-
ventitia stripping [8] are all techniques currently considered
for the control of refractory hypertension. These techniques
act on the main renal artery as the target.

However, along with recent studies in which renal artery
characterization was not the main object of the research,
and only a specific part of the artery was scrutinized, studies
focusing on the renal artery’s structural characteristics are
scarce. These studies include little more than the analysis of
the human renal artery in the context of a histological ex-
amination of the peripheral arteries [9], the description of its
ultrastructure in the rat during growth and aging [10], and
some studies carried out on the transitional zone of the renal
artery [11, 12].
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Regions of the main renal artery

The main renal artery is a conduit artery that appears at
approximately 6 to 7 weeks of prenatal development in hu-
mans [13, 14] and supplies around 20% of the cardiac output
to the kidney. The length and diameter of this artery vary
with the side age and sex [15]. Variations in the number of
renal arteries that arrive at a kidney are frequent and occur
in approximately 30% of kidneys [16-18]. The multiple renal
arteries originate in the lateral aspect of the aorta, iliac arter-
ies even in the testicular arteries [19].

The mammalian arteries are usually classified as elastic
or muscular arteries, depending on the histological char-
acteristics of the tunica media; both types of vessels differ
in structure, production of nitric oxide, and Ca++ channels
[20]. Therefore, the physiological and pathological arterial
characteristics depend on the amount of elastic, fibrous, and
muscular components in the tunica media.

According to the type, elastic arteries are more prone to
atherosclerosis than are muscular arteries. Moreover, arterial
stiffening due to aging is more prominent in elastic arteries
[20, 21]; meanwhile, the muscle arteries' stiffness leads to an
increase in vascular tone, which can be influenced by vaso-
active mediators [22].

Wright in human renal arteries [9] and Osborne-Pellegrin
[10] in rat renal arteries described variations in its structure
from the proximal to the distal segment. Therefore, renal
artery pathological stenosis would be produced by different
pathologic processes depending on the affected arterial seg-
ment so that the therapeutic approach may be different.

This work aims to characterize the renal arterial wall along
its length, assess the fraction of extracellular matrix, elastic
component, and smooth muscle cells (SMCs) in the tunica
media of different sections of the artery, and compare the
fraction of those components in the distinct segments, as well
as to discuss the possible consequences of any variations on
vascular pathology and therapeutic procedures to the artery.

Materials and Methods

Study material

Thirty-two main renal arteries from the aorta to renal hi-
lus were obtained from 16 cadavers (14 male and two female)
aged 14-75 years (Table 1). Cadaverswerenecropsied in the
Instituto de Medicina Legal de Las Palmas de Gran Canaria.
The arteries were removed in a block from the corpses, dis-
sected and sectioned.
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Tissue preparation

The right and left renal arteries were circumferentially
cross-sectioned in three-thirds (proximal, middle, and dis-
tal) (Table 1) and fixed by immersion in neutral buffered
10% formalin. A total of 96 tissue samples were processed for
histological and immunohistological studies. After fixation,
the samples were dehydrated through graded alcohols and
embedded in paraffin wax. One tissue block was made from
each arterial segment, and consecutive transverse sections of
5um thickness were obtained from each paraffin block.

Sections were stained with the following techniques:
hematoxylin-eosin, Masson’s trichrome, and resorcin using
routine methods in our lab.

For immunohistochemistry studies, sections were immu-
nolabeled with anti-von Willebrand factor, anti-actin, and
anti-S100 neuronal antibodies. The immunohistochemical
methodology is summarized in Table 2.

Von Willebrand factor immunodetection was performed
with an anti-human polyclonal anti-factor VIII-related anti-
body produced in rabbits at a dilution of 1:100. In addition, an
anti-human monoclonal anti-actin alpha-smooth muscle anti-
body produced in mice, diluted 1:2,000, was utilized for actin
immunodetection. For S100 detection, an anti-human mono-
clonal S100 antibody was produced in rabbits; a 1:300 dilution
was used. In all cases, endogenous peroxidase was blocked
with 3% hydrogen peroxide for 30 minutes in methanol.

Samples were analyzed with a Labophot-2 Nikon micro-

Table 1. Characteristics of the study sample

Characteristic Value
Age groups”

14-29 yr 3 male

30-50 yr 5male

51-75yr 6 male+2 female

Arterial segment”

Proximal 32 (34.0)
Right 16 (34.0)
Left 16 (34.0)

Middle 31 (33.0)
Right 16 (34.0)
Left 15 (31.9)

Distal 31 (33.0)
Right 15 (31.9)
Left 16 (34.0)

Total 94 (100)
Right 47 (100)
Left 47 (100)

Values are presented as number (%). “Sex distribution according to age

groups. "Distribution of renal arteries side according to the arterial segment.
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Table 2. Summary of immunohistochemical methodology

Blanca Mompe6-Corredera, et al

Antibody Source RRID Host Type Clone Antigen retrieval ~ Dilution
Anti-S100 Thermo Fisher, AB_10979153  Rabbit Polyclonal - 0.1% trypsin”  1:300
Waltham, MA, USA
Anti- Actin Sigma-Aldrich, AB_262054 Mouse Monoclonal Anti-actin alpha-smooth 0.1% trypsin” 1:2,000”
St. Louis, MO, USA muscle-antibody-1A4
Factor VIII Zymed AB_2811207 Rabbit Polyclonal Trypsin® 1:1007

RRID, research resource identifiers. °0.1%Tripsina, 60 min at 37°C, ®0.1%Tripsina, 10 min at 37°C, °1% goat serum in saline phosphate buffer, 4°C overnight.

scope (Badhoevedorop, The Netherlands), and a Sight DS-5
M digital camera (Nikon Digital Sight DS-5M-L1; Melville,
NY, USA) captured images at 2x, 4%, 10x, and 100x magni-
fication. The descriptive, structural analysis was always done
in the healthy part of each sector of the arterial wall, avoid-
ing destructured zones, calcifications, and pathologic thick-
nesses if they were present.

Measurements of the arterial wall thickness

The arterial wall thickness tunica intima and media
(IM), tunica media, and tunica intima were measured in
transverse histological sections. Measurements were per-
formed in selected fields of one Masson trichrome-stained
histological section of each case using a Digital Sight Camera
Control Unit (Nikon Digital Sight DS-5M-L1) coupled to a
Labophot-2 Nikon microscope. Four different measurements
were performed directly in each histological section using
digital camera tools. The arterial sections were divided into
four-quadrant. Measurements were done in each of the four
quadrants, always avoiding damaged tissue if it was present.
The median of the four sizes was considered the value of the
measure. The tunica media thickness was considered to be
the perpendicular stretch between the innermost and outer-
most elastic lamina. The tunica adventitia was not measured
because it was not possible to determine the outer limit of
this tunica in all cases.

Quantification of the components of the arterial wall

The quantification of the structural elements of the arte-
rial wall was measured in the arterial tunica media. The elas-
tic tissue was assessed between the inner and outer elastic
membrane without the inclusion of those.

Photographs (4x) from the samples stained with Masson’s
trichrome were used to quantify the SMCs and extracellular
matrix composition in the tunica media. Photographs (10x)
of the samples stained with resorcin stain were used for the
determination of the elastic component in the tunica media
between the inner and the outer elastic lamina, avoiding
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those laminas.

Quantification of the fraction of elastin

Each delimited image was converted to grayscale and then
binarized by a high threshold value resulting in a binary im-
age, in which the media layer appears as a white object over a
black background [22]. The resulting image defines the por-
tion of the original image corresponding to the media layer
of the vessel wall.

In a binary image, the white color is coded with the value
1, and the black color is coded with 0. Therefore, the media
layer area identified by the white color can be calculated in
pixels as the sum of all the pixels of the image.

On the other hand, each delimited image was binarized
with a global threshold that could be adjusted interactively,
allowing user to determine the threshold that properly seg-
mented the elastin fibers (FE). The quantitative information
extracted was the sum of pixels of the segmented objects
in the resulting image of the elastin fiber segmentation. To
compare measurements between different samples, the above
amount was normalized by the sum of pixels of the media
layer area computed previously, according to the following

formula:

Elastin fibers area 1)

%FE=
° Media layer area

The segmentation method was implemented using the
numerical computing software MATLAB/Simulink Version
R2019a (MathWorks, Natick, MA, USA).

Quantification of the muscular and extracellular
matrix

First, the color image is converted to grayscale and then
binarized by a high threshold value, resulting in a binary im-
age, in which the inner and outer contours of the media layer
were delimited to define the study area [22]. The media layer
appeared as a white object over a black background, and the
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media layer area was calculated in pixels as the sum of all the
pixels of the binarized image.

Second, the color vessel wall image was clustered auto-
matically in a predefined number of color-based classes. The
smooth muscular fibers (SMF), and extracellular matrix
components (ECM) of the vessel wall were grouped by a clus-
tering algorithm based on the similarity between colors. The
clustering algorithm used was a variation of the k-means [23-
26], in which the similarity measure between two pixels, px,
and px,, is based on the distance calculated by the following
expression:

distance(pxl,pxz):\/wl «(R, 7R1)2 +w,+(G,-G, )2 +w; (B, 731)2 2

where R;, G, and B, are the color components of pixel px,,
and w,, w,, and w, are the weights that regulate the impor-
tance of each color component.

The number of groups k for the clustering algorithm was
set at three with the aim of grouping the pixels correspond-
ing to SMF, to ECM, and to the background image. The
weights were determined heuristically as w,=2, w,=1, and
w,=2. The results were several black and white images, one
per cluster, with the segmented vessel wall component, al-
lowing us to calculate its extension. The third group of pixels
corresponding to the background image was discarded.

The area in pixels of any component was computed by the
sum of pixels of the segmented objects in the black and white
images of each component. In this way, we obtained two
measurements: A, the area in pixels of the SMF compo-
nent, and Ay, the area in pixels of the ECM component.

The percentage of the total area of the media layer that
was taken up by a component was calculated using the fol-
lowing formulas:

A A
9 - fsME g - “fwem
oSME Media layer area PECM Media layer area ®)
Statistical analysis

Data were analyzed using IBM SPSS Statistics ver. 27.0
(released 2020, for Windows; IBM Corp., Armonk, NY,
USA). Categorical variables are expressed as frequencies and
percentages. To analyze the association of two categorical
variables, the chi-squared test was used. Numerical variables
are summarized using the median and interquartile range
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(IR). Normality was considered according to the results of
the Kolmogorov-Smirnov or Shapiro-Wilk tests. The 95%
confidence interval (CI) is given in any case. To compare
numerical variables of two independent samples, the non-
parametric Mann-Whitney U test was used. For more than
two independent samples, one-way ANOVA or the nonpara-
metric Kruskal-Wallis test was used. Results are considered
statistically significant if P<0.05.

Ethical approval

The Ethical Committee of the University of Las Palmas
de Gran Canaria approved this research project (reference
CEIH-2022-01), and the Formation and Research Commit-
tee of the Instituto de Medicina Legal y CienciasForenses de
Las Palmas (IMLCF-Gobierno de Canarias) accredited that
obtaining human samples followed the ethics and legal re-
quirements.

Results

Histological and morphometric evaluation of the renal
artery wall

The IM thickness was 493.6 um (IR=285 um) (Table 3).
The boundary between the tunica intima and tunica media
was well defined along the artery for an inner elastic mem-
brane. The tunica media and tunica adventitia boundary
was consistently well represented in all vessel sectors due to
the morphological differences between the two tunica. The
tunica media was formed by concentric layers of SMCs, dif-
ferent amounts of extracellular matrix, and elastic laminas,
which had diverse dispositions depending on the arterial
sector. The outer elastic membrane was considered to have
two or more concentric elastic layers located between the tu-
nica media and the tunica adventitia.

Although the left IM thickness was slightly wider than the
right IM thickness, there was no significant difference be-
tween them. However, a significant difference was observed
between the proximal and the other two arterial segments
(Table 3).

Tunica intima

The tunica intima was constituted by endothelium and
underlying connective tissue. In some cases, SMCs longitu-
dinally disposed of could be observed. The thickness of the
measured tunica intima was 40.2 ym (IR=143.5 pum), reach-
ing the highest values in damaged zones and because of the
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Table 3. Results of the wall thickness depending on the side and the arterial segment

Arterial segment Wall thickness (um) P-value Intima thickness (um) P-value Media thickness (um) P-value
Median (IR) 493.6 (285) 40.2 (143.5) 441.8 (190.1)
95% CI (mean) 517.4-634.1 61-119.8 448-525.9
Number of arterial sections 94 94 94
Right 0.382 0.358 0.533
Median (IR) 488.2 (265.8) 40.3 (59.0) 423.6 (255.1)
95% CI (mean) [471.4-610.6] 47.2-87 413.6-534.9
Number of arterial sections 47 47 47
Left
Median (IR) 506.1 (246.6) 39.6 (114.7) 450.6 (173.2)
95% CI (mean) 515.1-705.9 58-169.4 448.7-550.5
Number of arterial sections 47 47 47
Proximal 0.001* <0.001* 0.053
Median (IR) 600.6 (406.2) 110.5 (152.9) 502.4 (376)
95% CI (mean) 591.3-867.6 99.1-254.7 467.8-638
Number of arterial sections 32 32 32
Middle
Median (IR) 451.6 (180.5) 0.679" 30.9 (22.2) 0.759” 418.8 (128.2)
95% CI (mean) 426.6-545.1 0.001”* 28.5-60 <0.0017* 393.8-497.1
Number of arterial sections 31 31 31
Distal
Median (IR) 470 (211.3) 33.3 (36.8) 437.3 (162)
95% CI (mean) 438-576 0.003* 31.6-62.7 <0.001* 399.5-521
Number of arterial sections 31 31 31

Values are presented as the median (IR) and the 95% CI for mean. IR, interquartile range; CI, confidence interval. 9P-value (Middle-Distal); " P-value (Middle-
Proximal); ?P-value (Distal-Proximal). *Statistically significant (P<0.05).

D E F

Fig. 1. Photomicrograph of the human renal artery wall. (A) Masson’s trichromic stain, proximal segment; (B) resorcin stain, proximal segment; (C)
Masson’s trichromic stain, middle segment; (D) resorcin stain, middle; (E) Masson’s trichromic stain, distal segment; and (F) resorcin stain, distal
segment (bar=100 pm). L, lumen; ti, tunica intima; tm, tunica media; ta, tunicaadventitia; iem, internalelastic lamina; eem, externalelastic lamina.
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Table 4. Percentage of the components in the tunica media attending to the side and the arterial segment

. Extracellular space Elastin Smooth muscle cells
Arterial segment P-value P-value P-value
(%ECM) (%FE) (%SMF)
Median (IR) 734 (14.2) 12.2(12.1) 25.1(13.2)
95% CI (mean) 68.9-73.7 13-17.1 25.3-29.7
Number of arterial sections 87 83 87
Right 0.209 0.092 0.647
Median (IR) 71.7 (16.4) 10.7 (11.2) 24.3 (12.5)
95% CI (mean) 66.1-73.4 10.8-16.7 25.2-31.5
Number of arterial sections 43 42 43
Left
Median (IR) 74 (13.6) 15.7 (1L.6) 25.4 (13.4)
95% CI (mean) 70-76.1 13.5-19.3 23.5-29.7
Number of arterial sections 44 41 44
Proximal 0.049* <0.001* 0.056
Median (IR) 71.2 (16.4) 21.5 (14.7) 26 (12.6)
95% CI (mean) 65.3-73.6 0.034”* 18.2-25.7 <0.0017* 24.8-31.3
Number of arterial sections 31 30 31
Middle 0.943” <0.0017
Median (IR) 77 (12.2) 10.8 (12) 23 (11.8)
95% CI (mean) 72.3-78.9 9.7-15.3 20.7-27
Number of arterial sections 30 0.0367* 28 0.4297 30
Distal
Median (IR) 719 (16.3) 8.8 (5.4) 28.2 (15.5)
95% CI (mean) 64.1-73.8 7.9-11.5 26-36
Number of arterial sections 27 25 27

Values are presented as the median (IR) and the 95% CI for mean. ECM, extracellular matrix components; FE, elastin fibers; SMF, smooth muscular fibers; IR,

interquartile range; CI, confidence interval. “P-yalue (Proximal-Middle); " P-value (Proximal-Distal); * P-value (Middle-Distal). *Statistically significant (P<0.05).

presence of any pad. The tunica intima in our samples was
significantly more expansive in the proximal arterial segment
than in the other more distal arterial parts (Fig. 1, Table 3).

Tunica media

The thickness of the tunica media was 441.8 pm (IR=190.1
um). There was no difference between the tunica media on
the right and left renal arteries.

In the proximal third of the artery, the tunica media
contained elastic layers running parallel to the SMC layers.
Nevertheless, one external elastic membrane was not well
defined (Fig. 1A, B).

The middle third of the artery showed well-defined inner
and outer elastic membranes.

The tunica media was composed of SMCs and an extra-
cellular matrix. In addition, some elastic laminas and smaller
elastin plates were scattered in the spaces between muscle
cells (Fig. 1C, D).

The tunica media of the distal third of the renal artery
showed the presence of well-defined internal and external
elastic membranes, limiting the tunica media from the tu-
nica intima and tunica adventitia, respectively. Thus, the tu-

Table 5. Presence and missing of bunches of longitudinal smooth muscle cells

in the tunica adventitia

With Without

Total P-value
SMC SMC

Total 36 (38.3) 58 (61.7) 94 (100)
Right (n=47) 21 (44.7) 26 (55.3) 47 (100) 0.144
Left (n=47) 15(31.9) 32(68.1) 47 (100)
Proximal (n=32) 1(3.1) 31 (96.9) 32 (100) <0.001*
Middle (n=31) 15(48.4) 16 (51.6) 31 (100)
Distal (n=31) 20 (64.5) 11 (35.5) 31 (100)

Values are presented as number (%). SMC, smooth muscle cells. *Statistically
significant (P<0.05).

nica media mainly comprises SMCs and connective matrix,
with elastic laminas scarcely observed, and only small plates
of elastic tissue present (Fig. 1E, F).

Components of the tunica media

The proportion of SMCs in the tunica media was 25.1%
(IR=13.2%). There was no significant difference between the
right and left renal arteries or the studied segments. How-
ever, a slight, no significant decrease in the muscular compo-
nent was observed in the middle segment (Table 4).

The extracellular matrix constituted 73.4% (IR=14.2%) of

https://doi.org/10.5115/acb.22.072
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D E

F

Fig. 2. Staining of nerve fibers with S100 in the adventitia and periadventitial tissue: (A) shows that most of the nerves are oriented transversely

and run parallel to the vessels; (B) nerve fibers in the outer adventitia in relation to the vasa vasorum and transversely sectioned nerves are

observed in the periadventitial tissue; (C) nerve fibers in relation to vasa vasorum transversely sectioned; (D) nerve fibers located in adventitial

longitudinal vasa; (E) several nerve fibers are located in the vasa vasorum wall; (F) detail of a nerve fiber in the wall of a vasa vasorum

longitudinally sectioned. Arrows indicate nerve fibers in the vasa vasorum wall. L, lumen; V, vein; AR, artery; ta, tunica adventitia; padv,

periadventitial tissue; N, nerves. anti-S100 immunodetection. Bar in A: 200 pm, Barin B: 100 pm, Bar in C-F: 10 pm.

the tunica media. This component was slightly higher in the
left than in the right artery, without a significant difference.
However, concerning the segments, the highest proportion
of extracellular matrix appeared in the middle part of the
artery, and this difference was nearly significant (Table 4).

The elastic fibers component of the extracellular matrix
assessed between the inner and outer elastic membranes was
12.2% (IR=12.1%), with a slightly no significant higher per-
centage on the left than on the right side (Table 4).

However, the percentage of elastic fibers decreased signifi-
cantly between the proximal and middle segments and be-
tween the proximal and distal segments, being the difference
not significant between the middle and distal sectors (Table 4).

Tunica adventitia

The tunica adventitia was formed by connective tissue
with elastic fibers located in several directions. Multiple vasa
and nervi vasorum were present. The tunica adventitia ex-
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tended toward fatty tissue in its outer part, putting it together
with adjacent structures.

Outer elastic lamina

An outer elastic membrane sharing the adventitia from
the tunica media was not well defined in the proximal seg-
ment of the renal artery (Fig. 1A, B). Therefore, the elastic
layers in the media adventitia border changed along the
artery to form a well-defined outer elastic membrane in the
middle and distal segments of the artery (Fig. 1C-F).

Ganglia, nerves and nervous endings

In the surrounding arterial tissue beyond the outer part of
the adventitia, small ganglia were observed and nerves pro-
files from the renal plexus were disposed parallel to the length
of the artery (Fig. 2A, B). Smaller nerves and myelinated fi-
bers went into the tunica adventitia. Myelinated fibers profiles
were located in the walls of the vasa vasorum. S100-positive
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ISMCs

ISMCs

C

ISMCs

D

Fig. 3. Photomicrograph of the human renal artery wall. (A) and (B) show actin staining samples. (C) and (D) show von Willebrand factor

staining (Bar in A, C, D: 100 pum, Bar in B: 10 um). (A) Bunches of longitudinally oriented smooth muscle cells (SMCs) are surrounded by

elastic fibers in the adventitia; the formations have a fusiform morphology; some of them have vasa vasorum (VV); (B) detail of one of the SMCs

bunches; (C) endothelial cell of VV in the adventitia; most of the vasa have a disposition parallel to the lumen; (D) shows dilated VV in the

adventitia. Arrows indicate VV. In addition, some nerves are observed in periadventitial tissue. tm, tunica media; ta, tunica adventitia; pady,

periadventitial tissue; ISMCs, longitudinal SMCs formation; e, elastic layer; N, nerves.

fibers were not observed in other vascular tunica (Fig. 2C-F).

Smooth muscle cells

SMCs of longitudinal disposition were localized in the
adventitia of the artery in 36 of 94 cases microscopically ob-
served (38.3%). Bundles of SMCs were situated beyond the
outer elastic membrane in the middle and distal segments
of the arteries. Groups of SMCs formed fusiform structures
located in a circular arrangement in the transverse section of
the artery. They were surrounded by elastic fibers and other
elements of the extracellular matrix. These cells were posi-
tive for actin immunolabeling (Fig. 3A, B).

Vasa vasorum
The vasa mostly had a circular disposition parallel to the
vascular lumen in all segments of the artery (Fig. 3C, D).

Pathology in the arterial wall of the samples studied.

In our sampling, 37.9% (36) of the samples presented any
grade of a pathologic irregular wall. Of these samples, 86.1%
(31) presented an atheromatous plaque, and 13.9% (5) fibro-
muscular dysplasia. There was no difference between the
right and left sides. Nevertheless, pathologic lesions depend-
ed on the segment, with an atheromatous plaque in proximal
segments and fibromuscular dysplasia in more distal seg-
ments.

Discussion

The current study shows that the main renal artery origi-
nates in the aorta as an elastic artery and approaches the
kidney as a muscular artery. A similar conclusion was drawn
by Wright [9] and Osborne-Pellegrin [10] in renal arteries of
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humans and rats. The findings of this study display for the
first time that; the modification in the structure of the renal
artery was accomplished by a significant decrease in the IM,
tunica intima, and tunica media thickness from proximal to
distal arterial segments, besides a modification in the pro-
portion of the components of the extracellular matrix in the
tunica media.

The samples showed a broader and more irregular tunica
intima in the elastic part of the artery than in other more
distal segments. The most expansive zones mainly corre-
sponded to intimal cushions, which have been described as
a consequence of vascular injury [27] and physiological inti-
mal hyperplasia [28, 29].

Those intimal thicknesses are considered precursors for
atherosclerotic plaque formation [30]. Therefore, our find-
ings support that the atherosclerotic lesions would be more
frequent in the proximal than in the middle and distal seg-
ments of the renal artery because of the tunica intima struc-
ture [31].

There was no difference in the tunica media between the
right and the left renal arteries about the SMCs or extracel-
lular matrix composition. Nor could we observe a significant
difference in those components along the artery. The current
study showed, however, an evident variation in the propor-
tion of the ECM. The elastic tissue proportion of the extra-
cellular matrix in the tunica media decreased from proximal
to distal segments. A decrease in the elastic element along its
length has also been described in the common carotid artery,
and it has been considered a morphological adaptation of the
tunica media to the stress in the artery [32].

The reduction in the elastic component along the artery
entails an increase in the other components of the extracel-
lular matrix as collagen and amorphous ground substance
along the arterial length, and consequently a modification
in the ratio between the elements of the extracellular ma-
trix. This ratio is a valuable index of relative compliance for
maintaining tension within the arterial wall. It seems crucial
to the success of therapeutic procedures and predicts the
response to some therapeutic techniques [33]. The results of
this work support a possible different therapeutic arterial
response attending to the sector of the artery used in the in-
tervention.

Concerning the outer elastic membrane, Osborne-
Pellegrin [10] described the persistence of an external elastic
membrane in the renal artery only after the second arterial
branching [10]. However, our results showed that the outer
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elastic lamina could already be seen in the middle third of
the artery and that the elastic layers located between the
SMCs in the proximal segment became less prominent to-
ward the middle and distal arterial segments. The external
elastic membrane showed differences depending on the
disposition of the elastic lamina in the tunica media; the less
elastic component the tunica media had the more elastic
component the outer elastic membrane showed.

The renal artery wall receives its vascularization from; the
external vascular supply of the aorta itself, the inferior supra-
renal artery, or the diffuse vascular system of the retroperi-
toneal space, and from; the internal vascular supply of the
renal artery itself [34]. In our samples, the vasa were abun-
dant in the adventitia of normal renal arteries and were not
observed in the tunica media except in pathologic samples.

We observed bunches of SMCs of longitudinal disposition
in the loose part of the tunica adventitia. Those bunches ap-
peared as fusiform and well-organized formations located in
the transverse sections of the arteries. The first description
of these formations was made by Osborne-Pellegrin [10] in
the tunica adventitia of the renal artery of the rat, principally
at branch points. More recently, longitudinally oriented cells
were also described in the adventitia of the branching sites
of coronary arteries of Sprague-Dawley rats, zebra finches,
and lizards [35]. Those bunches have been considered the re-
sponse to increased stress at the branch points and the con-
siderable nervous control that the distal renal artery is under
and whose activity regulates the blood supply to the kidney
depending on the physiological conditions [10, 35]. However,
our findings showed bunches of SMCs in the middle and dis-
tal segments of the renal arteries without relation to branch-
ing points; neither could we find myelinated axon profiles
within those muscle strips except when they included vasa
vasorum profiles.

Abraham [36] suggested that the nerve supply of the re-
nal arterial wall is richer than elsewhere in the organism,
comparable only to the aortic arch in certain mammals. Our
samples showed small S-100 positive nerve profiles in the
loose part of the adventitia and more prominent nerves from
the renal plexus running in the periadventitial tissue. Those
nerves were mainly parallel to the artery, running toward the
kidney or in an oblique disposition crossing the faces of the
artery to join other nerves of the renal plexus [37]. In addi-
tion, S100-positive nerves profiles were observed in the wall
of the vasa-vasorum with a likely function of regulation of
blood flow [38]. The pathways that mediate vascular effects
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on SNA on the vascular system have not been fully elucidat-
ed [39], and it is our consideration that the innervation of the
vasa vasorum could have a role in that complex interrelation.

Limitations of the study

The analysis by sex and age was not possible because of
the characteristics of the samples. Direct examination of
collagen was not carried out, but it would be interesting to
determine the exact ratio between the ECM in other studies.
Although the data from our work about the pathologic le-
sions observed in our samples support the specific segmental
distribution of vascular pathology in the renal artery, a large
population should be studied to confirm this statement.

In conclusion, the main renal artery is a complex vessel
that originates as an elastic artery and ends as a muscular
blood vessel, changing the thickness of its wall and its ex-
tracellular matrix composition. Besides, numerous vessels
and nerves are displayed in its tunica adventitia and periad-
ventitial tissue. Those circumstances could be involved in a
specific regional pathology setting and a different response
to therapeutic procedures along the artery.
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