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Introduction: Arteries are made up three layers; tunica intima, tunica media, and tunica 
adventitia. However, in some part of the artery this structure may change. The greatest change 
occurs at the junctions and bifurcations. In this regard, we decided to study the renal artery 
bifurcation just where the renal arteries divide into smaller arteries before entering the kidney.

Methods: The structure of renal artery bifurcation was assessed in six normal male dogs by 
light microscopy. Also the thickness of the tunica intima, tunica media, and tunica adventitia 
before and after bifurcation area was measured. 

Results: Tunica intima cannot be seen in this area and tunica media in one side and tunica 
adventitia in other side were very thick. It seems that division of renal artery happens with the 
penetration of tunica adventitia in one side and tunica media in the other side.

Conclusion: In this area, the artery has thick tunica media on one side and thick tunica adventitia 
on the other side and these differences were significant. The circular and longitudinal smooth 
muscle cells can be seen in renal artery bifurcation. These structures may be due to function of 
this area to maintain and control blood pressure and prevent artery from bursting and dilation.
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1. Introduction 

he circulatory system consists of the heart 
and blood vessels that transport blood 
throughout the body. Blood vessels can 
be divided into three categories: arteries, 
which carry blood from the heart to all 

organs and muscles of the body; capillaries which are 
extremely small vessels located within the body tissues 
where the actual exchange of water and chemical com-
pounds take place between the blood and the tissues; and 
finally veins, which return blood from the capillaries to 
the heart. Microscopic anatomy of arteries shows three 
layers in the blood vessels walls. The inner most layer is 
tunica intima consisting of endothelium and subendothe-
lial connective tissue. Then tunica media which consists 
of smooth muscle cell layers in the circular form, col-
lagen and elastic fibers in varying amounts, elastic la-
mellae, and proteoglycans. Smooth muscle cells are re-
sponsible for making proteoglycans. Collagen fibers are 
the manufacturer of tunica adventitia. Vascular smooth 
muscle cells, proteins, collagen fibers and elastin as the 
extracellular matrix play a central role in the biomechan-
ics of vascular tissue [1]. 

The arteries are the large blood vessels with higher 
blood pressure than other parts of the circulatory system. 
This high pressure can affect the ability of the arteries to 
open and close [2]. Structural variation of the arteries has 
always attracted researchers. Studies on the arteries have 
shown dramatic changes at the site of conversion from 
elastic artery to muscular artery, i.e., it has been shown 
that the structure of renal artery in humans and rats at its 
origin from abdominal aorta is different from abdominal 
aorta and renal artery structure [3, 4, 5]. This different 
structure has been observed in human carotid artery [6] 
and the branches of the abdominal aorta in sheep and 
lamb, too [7]. In a study of renal artery in dogs, it has 
been shown that an area in the proximal part of the renal 
artery is different from abdominal aorta and renal artery 
[8]. The continuation of elastin from the aorta into its 
branches [9] and noticeable changes in the pattern of elas-
tin at aorta branches on the proximal and distal lips of 
the junction has been already discussed [10]. Despite nu-
merous studies on the structure of arteries in the branch-
ing of aorta, there is no research on the division of the 
arteries. Each renal artery divides into two branches at 
or very close to the hilum of the kidney [11]. Therefore, 
we decided to investigate the structure of renal artery in 
bifurcation area. This area can play an important role 
in regulating blood pressure because blood pressure in 
arteries varies during the cardiac cycle. It is maximum 
when the heart contracts and minimum when heart re -

laxes and also varies in different arteries and decreases 
with more distance from the heart.

2. Materials and Methods 

Animals 

Six renal arteries were harvested from three clinically 
healthy male dogs after they were euthanized with an 
overdose of thiopental sodium. Then their abdominal 
cavities were opened and the renal arteries exposed.

Histological preparation 

For histology, 6 left and right renal arteries were freed 
from their aortic origin to the renal hilus and all samples 
were taken from renal artery bifurcation just where the 
renal arteries are divided into smaller arteries before en-
tering to the kidney. They were taken from dogs that 
were used within the Discipline of Surgical Technique 
of the School of Veterinary of Kazeroon in regular class-
es within the medical course. These animals were killed 
in accordance with the technical standards of the Re-
gional Council of Veterinary Medicine and the Society 
for Animal Protection.

The specimens were immersed in 10% formalin solu-
tion for 48 h. After dehydration through a graded series 
of alcohol solutions, the samples were cleared in Xylene 
and embedded in paraffin. The paraffin blocked tissue 
was cut into 6-µm serial sections. Each fifth section 
was mounted and stained with orcein, and the bifurca-
tion of the renal artery investigated by light microscope. 
Thickness of the tunica intima, tunica media, and tunica 
adventitia before and after renal artery bifurcation was 
measured by transferring the image from the microscope 
to the computer screen, by Dino Kilcher software. 

Statistical analysis

All obtained data are presented as mean±S.E.M. Means 
of groups were compared by 1-way analysis of variance 
(ANOVA) then paired t test analysis was performed to as-
sess comparisons. The level of statistical significance was 
accepted as ≤0.05. Calculations were performed using the 
SPSS version 13.0 (SPSS Inc., Chicago, Ill, USA).

3. Results

Microscopic observations 

Structure of renal artery bifurcation before entering the 
kidney is shown in Figures 1 to 4. As it can be seen in 
the images, there are significant changes in renal artery 
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bifurcation. Tunica intima cannot be seen in this area and 
tunica media in one side and tunica adventitia in other 
side comprised the wall thickness. It seems that renal 
artery bifurcates with penetration of tunica adventitia 
in one side, and tunica media in the other side (Figure 
1). In the bifurcation zone, the thickness of tunica media 
(20.45±5.95) and tunica adventitia (25.82±6.56) were 
significantly higher compared with before bifurcation 
(tunica media: 12.80±4.62, tunica adventitia: 7.62±3.13) 
and after it (tunica media: 9.92±6.29, tunica adventitia: 
4.39±0.63) (P≤0.05) (Figure 5 and Table 1).

Along with more penetration of tunica adventitia in one 
side and tunica media in the other side of the artery, divi-
sion of the renal artery gradually happens. Tunica me-
dia of renal artery in division area has two orientation of 
smooth muscle cell, circular and longitudinal form (Fig-
ure 2). With the appearance of the tunica media on both 
sides of renal artery bifurcation, renal artery is converted 
into two connected branches. In both branches, tunica in-
tima reach to other side and form a continuous layer. But 
tunica adventitia is thicker on one side compared with 

the other side (Figure 3). Finally, renal artery is divided 
into two smaller arteries and each artery has tunica in-
tima, tunica media, and adventitia (Figure 4).

4. Discussion

Owing to renal artery bifurcation before getting in to the 
kidney artery show considerable different in structure. The 
structure of the artery enables it to perform its function more  
efficiently. The walls of arteries are made up of three 
layers. Tunica intima is composed of endothelial cells 
and minimize the blood flow friction. The tunica media 
contains smooth muscles, collagen, and large amount of 
elastic fibers.

 The main cells of the vascular wall are smooth muscle 
cells. By producing the extracellular matrix during de-
velopment, smooth muscle cells provide the capacity 
of withstanding the high pressure and arterial repair af-
ter injury in adult life. Vascular smooth muscle cells of 
resistance vessels participate in the regulation of blood 

Table 1. Comparison of Mean±SD of tunica intima, tunica media and tunica adventitia thickness of renal artery before, after, 
and at the bifurcation zone 

Tunica AdventitiaTunica MediaTunica Intima

25.82±6.5620.45±5.95-Bifurcation zone 

7.62±3.13*12.80±4.62*0.55±0.02Before bifurcation

4.39±0.63●9.92±6.29●0.78±0.05After bifurcation

Values are expressed as Mean±SD. By using 1-way ANOVA the results are significant at P<0.05.
*: Significant difference compared to bifurcation zone
●: Significant difference compared to bifurcation zone

Figure 1. Microscopic images of the renal artery bifurcation 
in male dogs
Tunica Intima (TI), Tunica Media (TM), Tunica Adventitia 
(TA), Orcein, ×175. Bar 55 µm

Figure 2. Microscopic images of the renal artery bifurcation 
in male dogs
Tunica Intima (TI), Tunica Media (TM), Tunica Adventitia 
(TA), Circular Smooth Muscle Cells (CSMC), Longitudinal 
Smooth Muscle Cell (LSMC), Orcein, ×175. Bar 55 µm

http://www.123helpme.com/search.asp?text=elastic
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pressure, too [12]. Smooth muscle cells can control the 
volume of blood flowing into a tissue at different times 
by contracting and narrowing the diameter of the arteries 
[2]. Vascular wall contraction and regulation of the size 
of the blood vessel is the other function of smooth mus-
cle cells [13]. One study reported that smooth muscle 
cells in anterior aorta can help the aorta to supply blood 
for the head, neck, and upper limbs [14]. 

Elastic fibers are responsible for the elasticity of blood 
vessels. The elastic fibers in the blood vessels basically 
allow them to expand and return to their original size. 
These changes in size and diameter happens in arteries 
as blood rushes out of the heart in high pressure which 
stretches and widens walls of arteries. However, when 
the blood gets out of the arteries they return to their origi-
nal size. It has been reported that elastin is an important 
elastic component that provides extensible tissues with 
resilience [15]. In the walls of the arteries, especially in 

large ones, elastic rebound helps maintain arterial pres-
sure [16]. The main components of elastic fibers, i.e., 
elastin- and fibrillin-containing microfibrils play struc-
tural and mechanical role in the arteries and provide elas-
ticity and resilience to the tissues [17]. The elasticity 
of the walls is important as it reduces the possibility of 
their rupture. In rat neonates, pulling aorta will rupture it 
because its elastic layer structure is incomplete and the 
tensile strength is insufficient [18].

Tunica adventitia is made of elastic and large amount of 
collagen fibers. Collagen is the main protein of the con-
nective tissue and represents about one-fourth of the to-
tal protein content in many animals [19]. Collagen fibers 
have important role in blood vessels. The walls of the 
veins, arteries, and capillaries are made of collagen. Col-
lagen fibers give the vessels their strength, structure and 
flexibility. The collagenous fibers give tensile strength to 
the blood vessels walls. In other words, it is collagenous 
fibers that prevent the blood vessels rupture or get overly 
dilated when blood pressure is high. The high relative 
collagen content of the adventitia helps prevent vascular 
rupture at extremely high pressures [20].

Although the three mentioned layers can be seen in all 
arteries but in some areas, the overall structure of the ar-
tery show changes. These changes can be seen when the 
artery branches or bifurcates [5]. It has been reported that 
in renal artery by reducing the size of the vessel, the elas-
tic lamellae in the media becomes thinner so that they 
disappear completely in the distal renal artery. The proxi-
mal end of the renal artery and the common carotid artery 
in humans and rats have different structures compared 
to other parts of these arteries. A segment has been seen 

Figure 3. Microscopic images of the renal artery bifurcation 
in male dogs
Tunica Intima (TI), Tunica Media (TM), Tunica Adventitia 
(TA), Orcein, ×175. Bar 55 µm

Figure 4. Microscopic images of the renal artery bifurcation 
in male dogs
Tunica Intima (TI), Tunica Media (TM), Tunica Adventitia 
(TA), Orcein, ×175. Bar 55 µm
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Figure 5. Comparison of tunica intima, tunica media, and 
tunica adventitia of renal artery thickness before, after and 
at bifurcation zone 
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in the proximal part of these arteries in which the elastic 
type wall architecture is replaced by one of the muscu-
lar type [21]. Studies of the vertebral artery in the giraffe 
have shown that the caudal segment of the vertebral ar-
tery has an elastic structure, while the cranial segment has 
a muscular structure. The transition of the arterial wall 
normally occurs between C7 and C5. It involves dimi-
nution of the elastic tissue in the luminal portion of the 
tunica media and a simultaneous increase of the smooth 
muscle cells content [22]. Examination of the musculo-
phrenic and superior epigastric arteries has shown that 
the media of the first 1 to 2 cm of these arteries is elasto-
muscular or muscular with few elastic lamellae, whereas 
more distally the media is purely muscular [23].

Results of the present study clearly show that renal 
artery structure change significantly compared to other 
parts at the bifurcation. In this area, the tunica media on 
one side and the tunica adventitia on the other side form 
the thickest layer. In the bifurcation zone, the thickness of 
tunica media and tunica adventitia is significantly higher 
compared with before and after bifurcation (P≤0.05). 
Similarly, tunica media and tunica adventitia of the re-
nal artery bifurcation has more thickness compared with 
other parts of the artery. Tunica adventitia in arteries is 
a collagen-rich connective tissue containing fibroblasts 
and perivascular nerves [24] while tunica media is made 
up a large number of smooth muscle cells and elastic fi-
bers [25]. Thus by increasing the thickness of the tunica 
media and tunica adventitia and their constituent com-
pounds, the smooth muscle cells in tunica media and 
collagen fibers in tunica adventitia will increase in renal 
artery bifurcation just where the renal artery divides into 
smaller arteries and enter the kidney. When the blood 
reaches the renal artery bifurcation it divides and flows 
into two smaller arteries so the blood pressure decreases 
but there is an accumulation of blood in the renal artery 
bifurcation. In this area, the volume of blood flow into 
the smaller arteries and the blood pressure should be 
controlled to prevent bursting the arteries. In large arter-
ies like abdominal aorta, arterial pressure is maintained 
by elastic fibers but in muscular arteries such as renal ar-
tery, the pressure remains high by contraction and relax-
ation of smooth muscle cells [2]. Thus, smooth muscle 
cells maintain and control blood pressure, while collagen 
fibers prevent arteries from bursting and dilation.

In this study, we observed two orientation of smooth 
muscle cells in renal artery bifurcation; circular form and 
longitudinal form. However, the fact that the orientations 
of smooth muscle cells in this area are similar to the mus-
cular veins is of special interest. The blood vessels are 
dilatable when elastic and collagen fibers are more than 

smooth muscle cells in their walls and they are contrac-
tile if smooth muscle cells are more in their wall. The 
contractile state of the vein wall plays an important role 
in blood flow [26]. 

In this study, we proved that structure of renal artery bi-
furcation is different with other parts of the renal artery. 
In this area, the artery has thick tunica media on one side 
and thick tunica adventitia on the other side compared 
with other parts of the artery. The circular and longitu-
dinal smooth muscle cells can be seen in renal artery bi-
furcation. These changes where the renal artery divides 
into two branches may be due to the function of this area 
to maintain and control blood pressure to prevent artery 
from dilation and bursting. 
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