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Abstract: A transitional zone in the dog renal artery was documented and its parameters were recorded: length and 

volumes of the luminal wall, tunica intima, tunica media, and tunica adventitia—as well as these parameters in the non-

transitional zone of artery. Twelve normal adult male dogs were studied. Th e specimens were processed in the routine 

manner for light and electron microscopy. Aft er the determination of transitional zone length by light microscope, for 

the stereological study each renal artery was divided into transitional and non-transitional zones, and paraffi  n blocks 

were prepared. It was established that the transitional zone contains parallel and continuous elastic fi bers. In this zone 

the elastic fi bers in the extracellular space were greater in number than collagen fi bers. However, in the non-transitional 

zone the rows of smooth muscle cells increased in number, there were more collagen fi bers than elastic fi bers in the 

extracellular space, and the elastic fi bers appeared to be fragmented. Th e transitional zone showed an intermediate 

structure—between elastic and muscular arteries—and was 15 mm in length in the right and left  renal arteries. Th ere 

were more dense bodies in the non-transitional zone than in the transitional zone. Th e volumes of the lumen, tunica 

intima, tunica media, and tunica adventitia in the transitional zone were greater than in the non-transitional zone on 

both sides; in the right renal artery they were larger than in the left  one in the 2 zones. 
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Introduction 

Certain arteries irrigate only defi ned areas of 
specifi c organs, and obstruction of the blood supply 
results in necrosis. Th is infarct occurs commonly 
in the heart, kidneys, cerebrum, and certain other 
regions. In other regions arteries anastomose 
frequently, and the obstruction of one artery does 
not lead to tissue necrosis because the blood fl ow 
is maintained (1). Atherosclerosis of the renal 
artery is the most common form of renal artery 

stenosis and the cause of renovascular hypertension. 
Atherosclerosis of the human renal artery is found 
in 2 locations; an eccentric or concentric lesion 1 
cm distal to the ostium of the renal artery and at the 
orifi ce of the renal artery at the aorta (2). In fact, a 
preponderance of atherosclerosis at aortic branching 
points and bifurcations has been well documented 
in humans (3). In the hypercholesterolemic rabbit, 
atherosclerotic lesions occur at the distal and lateral 
side of the orifi ce of dorsal intercostals arteries 
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(4).  To understand the mechanism involved in the 
formation of atherosclerotic lesions, it is important 
to clarify why these areas tend to be involved in 
atherosclerosis. Th erefore, in-depth study of the renal 
artery—which irrigates the kidneys—can increase 
our knowledge of how to manage and reduce the risk 
of disease in this artery and the kidneys. Traditionally, 
arteries are classifi ed as large or elastic arteries, 
medium or muscular arteries, and small arteries or 
arterioles. In all species, renal arteries are branches 
of the abdominal aorta and are classifi ed as muscular 
arteries. Th ere is a gradual transition in structure 
and function between these 2 types of arteries, and 
the transition from elastic to muscular arteries is not 
abrupt (5). Th e microscopic transitional zone is the 
segment of the arterial tree in which the elastic wall 
is replaced by a muscular type (6).

Th e structure of arteries has interested researchers 
for a long time. Van Baardwijk et al. (7) showed that 
the bundles of elastin appear to continue from the 
aorta into its branches. Light microscopic studies 
have shown marked diff erences in the pattern of 
elastin at aorta/branch junctions on the proximal and 
distal lips of the junction; they have also shown that 
the medial layer of the branches is transitional (8). In 
addition, the proximal part of the renal artery in rats 
shows a gradual transition from elastic to a muscular 
type (9). 

Th ere is little information regarding the 
transitional zone structure. In this study the 
transitional zone and its parameters in the dog renal 
artery were investigated: length and volume of the 
luminal wall, tunica intima, tunica media, and tunica 
adventitia as well as these parameters in the non-
transitional zone of the artery. 

Dogs were chosen for this study because there 
have been no reports about the structure of this artery 
in dogs. Th e present study will help us to understand 
the relationship between structural diff erences and 
vascular diseases such as atherosclerosis.

Materials and methods

Th e study protocol was approved by the Ethics 
Committee of the School of Veterinary Medicine, 
Islamic Azad University (Kazeroun Branch, 
Kazeroun, Iran).

A total of 24 renal arteries were harvested from 

12 clinically healthy, mixed breed, native adult male 

dogs (3 for histology, 2 for ultrastructure, and 7 for 

stereology). Th e chosen dogs were normal size and 

between 3 and 4 years old. Th e dogs were euthanized 

with an overdose of thiopental sodium (30 mg/kg). 

Th e abdominal cavity was opened, the renal arteries 

exposed, and the length of left  and right renal arteries 

between the aortic origin and the ramifi cation into 

the segmental arteries was measured with a ruler. 

For histology, 6 left  and right renal arteries were 

freed from their aortic origin to the renal hilus and 

transected from the aortic origin to the ramifi cation 

into the segmental arteries. Aft er removal, arteries 

were fi xed in 10% formalin. Aft er 24 h of fi xation, 

each artery was divided into 3 samples: proximal 

part, middle part, and distal part. Each sample 

was processed for routine paraffi  n processing. Th e 

paraffi  n blocked tissue was cut into 6 μm serial 

sections. Each 10th section was mounted and stained 

with orcein for elastic fi bers. Microscopic structure 

was viewed to determine and record the presence 

of transitional zone structures. Th e length of the 

transitional zone was determined by totaling the 

number of transitional sections and multiplying by 

section thickness. 

Aft er the determination of renal artery 

transitional zone by light microscope, renal arteries 

were removed from 2 more dogs, following the same 

harvesting procedure. Immediately aft er euthanasia 

and removal of the renal arteries, the samples for 

ultrastructural study were taken from the proximal 

part of the renal artery as transitional zone and the 

distal part as muscular artery. Samples were rinsed 

with normal saline and fi xed in 2.5% glutaraldehyde 

for 8 h. Th e specimens were rinsed with cold buff er 

twice (15 min each time) and postfi xed in 1% osmium 

tetroxide for 2 h. Next, specimens were dehydrated 

in a graded series of alcohols and cleared with the 

addition of propilenoxide. Aft er this, the specimens 

were infi ltrated in a mixture of propilenoxide and 

Epon resin. Gradually the Epon:propilenoxide ratio 

was increased until only pure Epon resin was used. 

Th e samples were embedded in Epon 812 resin, 

transverse sections were made and stained with 

uranyl acetate, and the structure of the transitional 

zone was studied.
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Stereological analysis of serial sections was 
carried out using a Bausch and Lomb microscope. 
Aft er determination of the length of the transitional 
zone, each renal artery (7 right renal arteries and 7 
left  renal arteries) was divided into transitional and 
non-transitional zones. From each zone 1 cm was 
separated out, and paraffi  n blocks were prepared in 
the same manner as those used for light microscopy. 
Th e volumes of the lumen, tunica intima, tunica 
media, and tunica adventitia were determined using 
the point counting methods of Cavalier (10). For 
this study, each specimen was serially sectioned

at a distance T                                                    . From each

specimen, 10 sections 5 μm thick were taken and 
stained with orcein. Th e volumes of the lumen and the 
diff erent layers were calculated using the equation:

∑p: A number of points falling within the lumen 
and the diff erent layers.

T: Distance between sections.

M: Magnifi cation. 

a(P): Area associated with each point.

ΔX: Distance between points (10). 

All data were analyzed, using the paired Student’s 
t-test and SPSS soft ware (SPSS Inc., Version 12, 
Chicago IL, USA), and then compared. Diff erences 
were considered signifi cant at the level of P ≤ 0.05.

Results 

Th e structure of the renal artery of the adult male dog 
is similar to that of other mammalian arteries with 
tunica intima, tunica media, and tunica adventitia. 
Light microscopy confi rmed the structural change 
of the tunica media in the canine renal artery from 
the origin to the renal hilus of the kidney. Th e length 
mean of the right renal artery in an adult male dog 
was 3.4 ± 0.3; in the left  renal artery it was 2.7 ± 
0.1. Th e proximal part of the renal artery showed a 
structure between elastic and muscular artery types. 
Aft er 15 mm the renal artery showed the morphologic 
features typical of a muscular artery. Th e length of the 
transitional zone in both the left  and the right renal 
arteries was 15 ± 0.06 mm.

Th e histological study demonstrated that there 
is a structure between elastic and muscular artery 
types at the origin of the renal artery, with parallel 
elastic fi bers between smooth muscle cells in the 
tunica media. In this section, the internal elastic 
membrane was present, but there was no external 
elastic membrane between the tunica media and the 
tunica adventitia (Figure 1). Nearer to the hilus of 
the kidney in the distal region 7 mm from the aorta, 
more rows of smooth muscle cells and fewer layers of 
elastic fi bers were seen; however, the external elastic 
membrane was not observed (Figure 2). Aft er 15 
mm, the typical morphologic features of muscular 
arteries were found. In this area smooth muscle cells 
predominated in the media, and there were rare 
remnants of elastic fi bers between the smooth muscle 
cells. In this section an internal elastic membrane 
separated the tunica intima from the tunica media, 
and there was an external elastic membrane at the 
junction of the tunica media and tunica adventitia 
(Figure 3). 

Th e ultrastructural studies confi rmed these 
diff erences in the tunica media. At the origin of the 
renal artery more elastic fi bers were present in the 
tunica media extracellular space in a continuous 
arrangement, in comparison with the collagen 
fi bers. Myofi laments were found in the cytoplasm of 
most of the smooth muscle cells, and dense bodies 
were seen to lie under the cell surface and between 
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Figure 1. Photomicrograph—canine renal artery transitional 

zone. TI, tunica intima; TM, tunica media; TA, tunica 

adventitia; IEM, internal elastic membrane; EF, elastic 

fi bers; orcein stain, ×700.
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myofi laments (Figure 4). However, in the section 
near the hilus of the kidney—in the distal 20 mm 
region from the aorta—elastic fi bers became rare and 
fragmented; here collagen fi bers were more numerous 
than elastic fi bers in the extracellular spaces between 
smooth muscle cells. Myofi laments were found in the 
cytoplasm of most of the smooth muscle cells, and 
dense bodies were seen to lie under the cell surface 

and between myofi laments. Dense bodies were more 
numerous in the distal 20 mm region from the aorta 
than at the origin of the renal artery (Figure 5).

Stereological observations of the transitional 
and non-transitional zones demonstrated that 
the volume of the lumen, tunica intima, tunica 
media, and tunica adventitia decreased from the 
transitional zone towards the non-transitional zone 

Figure 2. Photomicrograph—transitional zone in the distal 7 

mm region from aorta of right canine renal artery. 

TI, tunica intima; TM, tunica media; TA, tunica 

adventitia; IEM, internal elastic membrane; EF, elastic 

fi bers; orcein stain, ×700.

Figure 3. Photomicrograph—non-transitional zone aft er 15 

mm from aorta of right canine renal artery. TI, tunica 

intima; TM, tunica media; TA, tunica adventitia; IEM, 

internal elastic membrane; EEM, external elastic 

membrane; EF, elastic fi bers; orcein stain, ×700.

Figure 4. TEM micrograph of transitional zone of right canine 

renal artery. EF, elastic fi bers; COF, collagen fi bers; 

SMC, smooth muscle cell; MF, myofi laments; DB, 

dense bodies; ×8900.

Figure 5. TEM micrograph of non-transitional zone of right 

canine renal artery. EF, elastic fi bers; COF, collagen 

fi bers; SMC, smooth muscle cell; MF, myofi laments; 

DB, dense bodies; ×8900.
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in the right and left  renal arteries (Table 1). Th ere 

was a signifi cant diff erence in the volume of the 

lumen, tunica media, and tunica adventitia between 

the transitional and non-transitional zones (P ≤ 
0.05). Th e volumes of the lumen and the diff erent 

layers were greater in the right renal artery than in 

the left , and a signifi cant diff erence was observed 

in the volumes of the lumen, tunica media, and 

tunica adventitia between the 2 sides at P ≤ 0.05 

(Table 2). In all comparisons the coeffi  cient of error 

was between 0.01 and 0.03, demonstrating a small 

amount of error.

Table 1. Volume of lumen, tunica intima, tunica media, and tunica adventitia of transitional and non-transitional zones of right and left  

renal arteries of adult male dog.

Left Right

Non-transitional zone Transitional zoneNon-transitional zoneTransitional zone

b 42.69 ± 277.52a 89.03 ± 370b 39.59 ± 208.72a 47.84 ±317.48 Lumen

0.020.020.020.01Coeffi  cient of error

 3.24 ± 43.72 8.44± 53.521.43 ± 40.24 2.31 ± 52.14Tunica intima

0.020.030.030.03Coeffi  cient of error

b 53.15 ±385.52  a 36.64 ±  564.68 b 27.08 ± 316.20a 63.79 ±448 Tunica media 

0.020.010.010.01Coeffi  cient of error

b48.46   ± 316.16 a 22.22 ±344.02 b 20 ±228.92 a 35.73 ± 268.36Tunica adventitia 

0.010.010.010.01Coeffi  cient of error

Note: a and b show signifi cant diff erences between transitional and non-transitional zones in the right and left  renal arteries of adult 

male dogs (P ≤ 0.05).

Table 2. Volume of lumen, tunica intima, tunica media, and tunica adventitia of transitional and non-transitional zones of right and left  

renal arteries of adult male dog.

Non-transitional zoneTransitional zone

Left RightLeft Right

B 47.84 ± 317.48A 89.03 ± 370B 39.59 ± 208.72A 42.69 ± 277.52Lumen

0.010.020.020.02Coeffi  cient of error

 2.31± 52.14 8.44± 53.521.43 ± 40.24 3.24 ± 43.72Tunica intima

0.030.030.030.02Coeffi  cient of error

B 63.79 ± 448 A 36.64 ± 564.68B  27.08± 316.20A 53.15 ±385.52 Tunica media

0.010.010.010.02Coeffi  cient of error

B 35.73 ± 268.36A 22.22 ±344.02 B 20 ±228.92 A 48.46 ±316.16 Tunica adventitia

0.010.010.010.01Coeffi  cient of error

Note: A and B show signifi cant diff erences between right and left  renal arteries in 2 zones in adult male dogs (P ≤ 0.05).
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Discussion 

Several studies have been performed on arteries 

(11-14), but little information is available about the 

transitional zone in arteries (15,16). In the histological 

studies we were able to show a gradual transition—

about 15 mm length—in the structure of the media of 

the renal artery in dogs, from its origin to the hilus of 

the kidney on both sides. In the white Carneau pigeon 

a transitional zone of about 1 cm  was reported in 

the coeliac artery (17). Th e typical transitional zone 

in the renal artery was reported with a maximum 

length of 10 mm; in the internal and external carotid 

artery it ranged from 5 to 15 mm in length (18,19). 

It is postulated that the diff erence in transitional zone 

length stems from the diff erent arteries involved. Th e 

origin of the renal artery showed an intermediate 

structure between the aorta and the distal renal artery 

and was therefore named the transitional zone. In this 

zone the rows of elastic fi bers were more numerous, 

and the external elastic membrane was absent. Th is 

may be a result of the similarity of the external elastic 

membrane to the elastic fi bers of the tunica media in 

arteries such as the aorta. 

Beyond 15 mm from the origin of the renal 

artery in the non-transitional zone, the rows of 

smooth muscle cells increased in number, and rare 

remnants of elastic fi bers were found between the 

smooth muscle cells. In this zone collagen fi bers in 

extracellular space increased in number, and the 

external elastic membrane and a typical muscular 

morphology were clearly observed. Th is observation 

is similar to the fi ndings in other studies. Osborn-

Pellegrin (9) reported that the elastic lamellae in the 

media of the renal artery become thinner as the size 

of the vessel decreases, and they disappear completely 

in the distal renal artery. Diff erent structures occur at 

other vessel sites; for instance at the origin of the renal 

artery and the common carotid artery in humans, a 

segment has been observed in which the elastic type 

wall architecture is replaced by the muscular type 

(6). A study of the vertebral artery in the giraff e 

has shown that the caudal segment of the vertebral 

artery has a largely elastic structure, while the cranial 

segment has a muscular structure. Th e transition in 

the arterial wall normally occurs between the seventh 

and fi ft h cervical vertebral levels and involves the 

diminution of elastic tissue in the luminal portion 

of the tunica media and a simultaneous increase in 

smooth muscle cell content (20). Examination of 

the musculophrenic and superior epigastric arteries 

has shown that the media of the fi rst 1 to 2 cm of 

the musculophrenic and superior epigastric arteries 

is elastomuscular or muscular with rare elastic 

lamellae; more distally the media is purely muscular 

(21). We know that during systole the blood enters 

the large elastic arteries with considerable force, and 

these arteries distend. Th ey are able to do so because 

of the large amount of elastic tissue in their walls, and 

during diastole the arteries return to their original 

size because of the elastic recoil of the walls. Th e fl ow 

of blood to the organ is controlled by the contraction 

or relaxation of the smooth muscle cells of the tunica 

media (1). Research has shown that the amount of 

elastin along the thoracic aorta is decreased compared 

to the abdominal aorta, and this is linearly related to 

the pulse pressure (22). Th erefore, the existence of 

more elastic fi bers in the transitional zone compared 

to the non-transitional zone—and the replacement 

of elastic fi bers by smooth muscle cells in the non-

transitional zone—can be viewed as physiological. 

Th e larger number of elastic fi bers in the transitional 

zone is due to the proximity of this part of the renal 

artery to the aorta, and this helps to maintain the 

blood pressure. However, in the distal renal artery, 

which contains smaller amounts of elastic fi bers, 

smooth muscle cells help to maintain the blood 

pressure and regulate the amount of blood fl owing 

into the kidneys by their contraction.

Th e dense bodies were more numerous in the 

non-transitional zone than in the transitional zone. 

In a study of rat arteries Osborn-Pellegrin (9) 

reported that dense bodies are more numerous in 

the renal artery than in the aorta. Dense bodies have 

been observed previously in the smooth muscle cells 

of cats and monkeys, in varying detail (23). Th ese 

bodies in the cytoplasm and the cell membrane 

serve as anchor sites for the myofi laments that are 

well developed in muscular arteries (24). One study 

suggests that this diff erence between smooth muscle 

cells in the 2 zones of the artery refl ects an adaptation 

to the functional demands made on the smooth 

muscle cells (9).

In the stereological studies the volumes of the 

lumen, tunica intima, tunica media, and tunica 
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adventitia in the transitional zone were greater than 
in the non-transitional zone on both sides; and they 
were more numerous in the right renal artery than 
in the left  renal artery in the 2 zones. Th is may be 
due to the fact that the size of the artery decreases 
from elastic to muscular types, and the transitional 
zone is nearer to the aorta. Th erefore, the volume of 
the artery decreases from the transitional zone to the 
non-transitional zone. 

Th e clinical implications of the transitional zone 
in the renal artery are not yet fully understood, but 
the existence of the transitional zone and its length 
can be important when planning percutaneous 
revascularization for lesions of the proximal or orifi ce 
of the renal arteries. Th e link between elastin and a 
rare occlusive vascular disease has been established. 
Elastin should now be seen as an important elastic 
component that provides extensible tissues with 

resilience, as well as a major developmental regulator 

of the life cycle of vascular smooth muscle cells 

and smooth muscle tissue organization (25,26). 

Atherosclerosis involves the proliferation of smooth 

muscle cells with an imbalance of the extracellular 

matrix elements, elastic fi bers in particular. Elastin 

is a critical molecule that regulates the phenotypic 

modulation and proliferation of smooth muscle cells 

(27). Th erefore, an imbalance between elastic fi bers 

and smooth muscle cells in the transitional zone 

can predispose this area to vascular diseases such as 

atherosclerosis. 

Acknowledgement

Th e author would like to thank the Research Council 

of Islamic Azad University, Kazeroun Branch, 

Kazeroun, Iran, for their fi nancial support.

References

1. Junqueira, L.C., Carneiro, J., Kelly, R.O.: Basic Histology (text 

and atlas). McGraw-Hill Medical Pub., New York. 2005; 205. 

2. Robert, W.: Diseases of the Kidney and Urinary Tract. 

Lippincott Williams and Wilkins, Philadelphia. 2007; 1273-

1275.

3. Schulz, U.G., Rothwell, P.M.: Sex diff erences in carotid 

bifurcation anatomy and the distribution of an atherosclerotic 

plaque. Stroke, 2001; 32: 1525-1531. 

4. Emura, S., Masucko, S., Sunaga, T.: Fine structures around the 

orifi ce of the intercostal artery of the rabbit thoracic aorta. 

Angiol., 1992; 43: 211-218.

5. Young, B., Low, J.S., Stevens, A., Heath, J.W.: Functional 

Histology a Text and Color Atlas. Churchill Livingstone, 

Philadelphia. 2007; 157-160.

6. Janzen, J.: Th e microscopic transitional zone between elastic 

and muscular arteries. Vasa., 2004; 97: 909-914.

7. Van Baardwijk, C., Barwick, S.E., Roach, M.R.: Organization 

of medial elastin at aortic junction in sheep and lambs. Can. J. 

Physiol. Pharmacol., 1985; 63: 855-862.

8. Rees, P.M.: Electron microscopical observations on the 

architecture of the carotid arterial walls. With special reference 

to the sinus portion. J. Anat., 1968; 103(pt 1): 33-47.

9. Osborn-Pellegrin, M.: Some ultrastructural of the renal artery 

and abdominal aorta in the rat. J. Anat., 1978; 25(pt 3): 641-

651.

10. Howard, C.V., Reed, M.G.: Unbiased stereology. Bios. Sci. Pub., 

Royal Microscopical Society. 1998; 39.

11. Aleckseevskikh, U.: Morphological changes of renal vessels in 

condition of distribution. Arch. Pathol., 1968; 300: 56-62.

12. Ball, R.A., Sautter, J.H., Katter, M.S.: Morphological 

characteristics of the anterior mesenteric artery of fowl. Anat. 

Rec., 1963; 146: 251-255.

13. Pease, D.C., Molinari, S.: Electron microscopy of muscular 

arteries: Pial vessels of the cat and monkey. J. Ultrastruct. Res., 

1960; 38: 447-468.

14. Pinto, Y.M., Pinto, S.J., Paul, M., Merker, H.J.: Th e electron 

microscopic morphology of the common carotid artery in rat. 

Ann. Anat., 1998; 180: 223-235.

15. Gabella, G.: Complex structure of the common carotid artery 

of sheep. Anat. Rec., 1995; 243: 376-383.

16. Roach, M.R.: Th e structure and elastic properties of arterial 

junction. Connect. Tissue. Res., 1987; 15: 77-84.

17. Lauper, N.T., Unni, K.K., Kottke, B.A., Titus, J.L.: Anatomy and 

histology of aorta of white Carneau pigeon. Lab. Invest., 1975; 

32: 536-551.

18. Janzen, J., Lanzer, P., Rothenberger Janzen, K., Vuong, P.N.: 

Th e transitional zone in the tunica media of renal arteries has 

a maximal length of 10 millimeters. Vasa., 2000; 29: 168-172.

19. Janzen, J., Lanzer, P., Rothenberger Janzen, K., Vuong, P.N.: 

Variable extension of the transitional zone in the medial 

structure of carotid artery tripod. Vasa., 2001; 30: 101-106.

20. Kimani, J.K.: Structural organization of the vertebral artery in 

the giraff e (Giraff a camelopardalis). Anat. Rec., 1986; 217: 256-

262.



A microscopic and stereological study of the renal artery transitional zone of the adult male dog

122

21. Van Son, J.A., Smedts, F.T., Wilde, P.C., Pijls, N.H., Wong-

Alcala, L., Kubat, K., Tavilla, G., Lacquet, L.K.: Histological 

study of the internal mammary artery with emphasis on its 

suitability as a coronary artery bypass graft . Ann. Th orac. 

Surg., 1993; 55: 106-113.

22. Roach, M.R.: Th e pattern of elastin in the aorta and large 

arteries of mammals. Ciba. Found. Symp., 1983; 100: 37-55.

23. Pease, D.C., Molinari, S.: Electron microscopy of muscular 

arteries: Pial vessels of the cat and monkey. J. Ultrastruc. Res., 

1960; 38: 447-468.

24. Ross, R.: Th e smooth muscle cell. Journal of Cell. Biol., 1971; 

50: 172- 186.

25. Brooke, B.S., Bayes-Genis, A., Li, D.Y.: New insights into 

elastin and vascular disease. Trends. Cardiovasc. Med., 2003; 

13: 176-181.

26. Faury, G.: Role of elastin in the development of the vascular 

function. Knock-out study of the elastin gene in mice. J. Soc. 

Biol., 2001; 195: 151-156.

27. Seyama, Y., Wachi, H.: Atherosclerosis and matrix dystrophy. 

Th romb., 2004; 11: 226-245.


