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ABSTRACT
The tunica adventitia has previously been regarded as a passive connective tissue covering that offers
only nutritive and physical support to the arterial wall. Recently, however, emphasis has been given to
its role in atherosclerosis. Although the normal structure may bear the anatomical basis of these
functions, microscopic anatomy of the tunica adventitia in normal arteries is seldom reported. These
data are important in understanding disease process and potential areas of intervention. The goat is a
suitable model for studying cardiovascular disease and the aorta is frequently afflicted by
atherosclerosis. This study, therefore, aimed at describing the structure of tunica adventitia of normal
aorta in goat. Materials for the study were obtained from abdominal aorta of 6 healthy young adult
male goats (capra hircus) age range 12 – 24 months. Fresh specimens from euthanized animals were
fixed in 3% phosphate buffered glutaraldehyde, post fixed in 1% phosphate buffered osmium tetroxide
then embedded in durcupan. Ultrathin sections were stained with uranyl acetate counterstained with
lead citrate and examined with electron microscope. Some specimens were processed routinely for
paraffin embedding and sectioning.
They were stained with Mason’s Trichrome and Weigert
elastic/Van Gieson stains. The tunica adventitia was fibroelastic with numerous capillaries, arterioles
and multiple cell types. The cells were active fibroblasts, phagocytic, perivascular and endothelial cells
embedded in the fibrous stroma. These findings suggest that the tunica adventitia of the goat aorta is
a metabolically active vascular compartment. These features namely microvasculature and multiple cell
populations probably enable it to maintain structural and functional integrity and appropriately respond
to vascular injury.
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INTRODUCTION
Tunica adventitia of arteries has previously
Campbell et al., 2012). Indeed, we recently
been regarded as a passive compartment
described features of atherosclerosis in tunica
involved only in physical and nutritive support
adventitia of coronary and carotid arteries
of the vessel wall.
Recent data, however,
(Ogeng’o et al., 2014). In spite of this, most
suggest that it is actively involved in regulating
studies on structure of arteries focus mainly on
the structure, function and disease processes of
tunica intima and media with only peripheral
the vessel wall (Stenmark et al., 2012, 2013;
reference to the tunica adventitia (Nowrozani,
2011; Popescu et al., 2013). Data on
Tang et al., 2013). Indeed, its removal leads to
anatomical features of tunica adventitia in
degeneration of the entire tunica media
normal arteries are important in enhancing
(Fugundes et al., 2012). Accordingly, there is
understanding of the disease processes and
renewed interest in the biology of the tunica
potential interventional strategies.
Goat is a
adventitia, with many studies focusing on its
suitable model for studying vascular disease
role in atherosclerosis (Skilton et al., 2009,
(Lemson et al., 1999; Zheng et al., 2000)
2011, 2012; Simionescu and Sima, 2012;
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because the structure of its vessels and
physiological parameters resemble those of
humans (Garcia et al., 1995; Prassinos et al.,
2005).
This study, therefore, aimed at

describing the structure of the normal tunica
adventitia of the abdominal aorta, a common
site of atherosclerosis, in young goats.

MATERIALS AND METHODS
Materials for this study were obtained from six
catalyst free durcupan mixture 1 as follows:
propylene oxide, durcupan 1:1-30 minutes;
young male goats (capra hircus) aged 12 – 24
propylene oxide, durcupan 1:3-30 minutes and
months obtained from livestock farmers in
Nairobi. The animals, verified to be healthy by
absolute durcupan at 600c in oven for one hour.
qualified veterinary doctors, were euthanized
The sections were then embedded in 100%
with overdose of sodium pentabarbitone and
durcupan with catalyst, and polymerized in an
fixed by perfusion
using buffered 3%
oven at 600c, for 48 hours. Ultrathin sections
2
glutaraldehyde.
2 mm sections were post
made with Reichert ultramicrotome © were
fixed in 1% phosphate buffered osmium
collected on 200 mesh copper grids, stained
tetroxide.
The post fixed specimens were
with uranyl acetate, counterstained with lead
citrate (Glauert, 1965) and examined by EM
rinsed in sodium phosphate buffer for 15
201 philips © electron microscope. Another set
minutes then dehydrated by passing them
of sections were processed routinely for
through increasing concentrations of ethanol 50%, 60%, 70%, 80%, 90%, 95% and 100%
paraffin embedding and sectioning. Five micron
for 30 minutes each, and twice for one hour
sections were stained with Mason’s Trichrome
each in absolute ethanol. The sections were
for
light
microscopic
examination.
then cleared in propylene oxide for 30 minutes.
Subsequently, the sections were infiltrated in
RESULTS
Tunica adventitia, the outermost coat of the
and contain prominent rough endoplasmic
aorta, is made of dense irregular fibroelastic
reticulum (Fig 1D, E).
A second category of
connective tissue rich in cells, contains vasa
cells has a large euchromatic eccentric nucleus,
vasora and merges with the subjacent
and several pseudopodia-like extensions (Fig
2A). Some of the extensions have vacuoles,
connective tissue (Fig 1A).
The connective
while others seem to enclose parts of the
tissue of the aortic tunica adventitia comprises
extracellular matrix fibres.
The nuclear free
elastic and collagen fibres, organised as
part
of
the
cell
cytoplasm
is
characterized by
bundles and fibres of variable sizes (Fig 1B, C).
prominent
rough
endoplasmic
reticulum,
Elastic tissue of the tunica adventitia consists of
lysosome-like structures, and vacuoles, some of
elastic fibres interweaving with collagen (Fig
which
contain
dark
particulate
matter,
1D), and microfibrillar material which surrounds
some of the cells, separating them from the
resembling residual bodies. The third category
comprises
cells
with
long
cytoplasmic
adjacent collagen bundles (Fig 1E, F).
extensions in all directions, and a relatively poor
organelle disposition.
Their long slender
Cells of the tunica adventitia comprise a
processes extend between bundles of collagen,
heterogeneous population. One category of the
and contain rough endoplasmic reticulum.
cells are elongated with long cytoplasmic
Their
nuclei
are,
however,
large
and
extensions in all directions and a large
euchromatic filling most of the cell (Fig 2B).
euchromatic nucleus.
Their long slender
processes course between bundles of collagen,
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A fourth category of cells are observed in the
neighbourhood of vasa vasora (Fig 2C-E).
Some cells have flask shaped cell bodies, large
euchromatic nuclei which fill most of the cell,
leaving only a thin rim of cytoplasm. These
cells have their own basal lamina, and several
processes, some of which are situated between
the endothelial cells of the vasa vasora,
reaching the lumen, while others extend into
the space between the vessels (Fig 2 D, E). The

processes which extend between endothelial
cells share a basal lamina with the endothelial
cells, like pericytes.
Other perivascular cells
embrace both the endothelial cell and the
former perivascular cell, and do not bear
remnants of basal lamina. This latter type of
cells have a large euchromatic nucleus (Fig 2D).
Between the vasa vasora there are other large
perivascular cells with huge euchromatic nuclei
and numerous cytoplasmic extensions (Fig 2E).
Figure 1A-F: In micrographs the
tunica
adventitia
(TA)
of
abdominal aorta of goat showing
fibres and cell types. TM = Tunica
Media. A:
Vasa vasora (vv).
The tunica adventitia merges with
subjacent connective tissue (CT).
Mason’s Trichrome stain. x100.
B: Haphazardly arranged collagen
fibres (green), and various types
of cells (arrowheads). Mason’s
trichrome stain. x 400. C:
Irregularly
arranged
collagen fibres (stained pink)
mixed with elastic fibres (stained
black).
Weigert’s elastic stain.
x400. D:
A fibroblast
(Fb) surrounded by collagen (co)
and elastic fibres(ef) running in
various directions. x8,760.
E: A cytoplasmic extension of
fibroblast containing abundant
rough endoplasmic
reticulum
(arrowheads).
Note also the
microfibrils (ox) adjacent to the
cell.
x63,400. F: A cell with
large euchromatic nucleus, and
cytoplasmic extensions (arrows).
Note that the cell is
surrounded by collagen
(co), on one side and microfibrils
(ox)
on
the
other.
x27,800.

619

Anatomy Journal of Africa. 2015. Vol 4 (2): 617-623.

Figure 2A -E: Electromicrographs of tunica adventitia of goat aorta showing various types of
capillaries and cell types. A: A cell with a euchromatic
nucleus
(Nu),
rough
endoplasmic
reticulum (rER) and vacuoles (v) some of which contain dark material (star). Note some of
the cell
processes engulfing elastic fibres (ef). x27,800. B: A cell with
large
euchromatic
nucleus, cytoplasmic extensions (arrowheads),
and relatively poor organelle content. Note the
elastic fibres (ef) around the cell.
x8,760. C:
Three adjacent vasa vasora (vv). Note endothelial
(arrowheads), and
perivascular cells (stars). x4000. D: Flask shaped perivascular cell (white star)
with one process (arrow) extending through a gap in the endothelium (ec), and the other process
extending between
the two vessels (arrowhead). The other cell (black star) embraces the first one,
Magnification x27,800. E:
The wall of one of the vasa vasora. Note the two layers of smooth
muscle cell
(smc), sharing a basal lamina (arrowhead). Note also the endothelial cell (ec), with
basal membrane irregularities. Endothelial cells share basal lamina with smooth muscle cell (arrows).
The perivascular cells (pvc) have large nuclei and cytoplasmic extensions. x27,800.
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DISCUSSION
The fibroelastic nature of the aorta, observed in
immunoregulating, progenitor, endothelial cells
the current study, is consistent with that
and pericytes (Simionescu and Sima, 2012;
Stenmark et al., 2012, 2013). Some of these
reported in dogs (Orsi et al., 2004; Nowrozani,
2011); rabbits (Viegas et al., 2001) guinea pigs
cells may represent an important source of
and albino rats (Mello et al., 2004).
The
pericytes for angiogenesis during remodeling of
collagen confers high tensile strength to the
the artery in
physiological and pathological
adventitia to enable it bear high pressures,
processes (Torsney et al., 2005; Corselli et al.,
which the tunica media is unable to cope with
2012), and also provide a convenient supply of
while the elastic fibres allow reversible
mural
cells
for
vascular
bioengineering
stretchability (Kielty et al., 2002). Accordingly,
applications (Howson et al., 2005).
it is plaucible, as has been suggested by Orsi et
al., (2004), that the fibroelastic composition of
Many of the cells observed in the present study
the tunica adventitia enables it to maintain the
resemble fibroblasts.
These findings support
structural and functional integrity of the aorta.
the conventional view that, fibroblasts are the
major cell type in the tunica adventitia (Tonar
A striking feature of the tunica adventitia,
et al., 2010; Nowrosani, 2011).
It is possible
observed in the present study, is the presence
that the other relatively poorly differentiated
of several capillaries and small arterioles.
cells constitute fibroblast precursors, namely
Capillaries are the vascular-tissue interphase
mesenchymal stem cells. Some of them, on the
where exchange of oxygen, substrates and
other hand, may be pericytes or myofibroblasts,
metabolites occurs, and their increased density
both of which on their own, or by
signifies high metabolic activity (Kacklick et al.,
transformation into smooth muscle cells are
2007; Poole et al., 2013). This supports the
involved in matrix synthesis (Torsney et al.,
reports from experimental/pathology studies
2005; Howson et al., 2005; Stenmark et al.,
that tunica adventitia harbours a dynamic
2012; 2013).
microvasculature
(Majesky
et al., 2011;
Simionescu and Sima, 2012). Their presence in
Two types of cells were observed around
otherwise healthy aortic wall suggests that they
capillaries.
This is concordant with recent
are inherently present to provide continuous
reports of two types of perivascular cells,
blood supply to sustain high metabolic activity.
namely pericytes and adventitial cells. These
Pertinent to this suggestion are assertions by
cells have been implicated in constituting
previous workers that the TA is metabolically
multipotent
progenitor
cells
similar
to
active (Stenmark et al., 2012, 2013)
mesenchymal stem cells (Corselli et al., 2012;
Stenmark et al., 2013) involved in routine
Anatomical studies report the tunica adventitia
remodeling and response to injury. Some of
to comprise only fibroblasts and macrophages
them may also be involved in immune
(Tonar et al., 2010; Nowrozani et al., 2011).
surveillance. Pertinent to this suggestion is the
Observations of the current study reveal, at
observation that some of their processes were
variance with this, that TA has a wider variety
seen penetrating into the lumen through
of cells. This finding of multiple populations of
endothelial pores.
cells in the tunica adventitia is consistent with
the observations that the TA houses a wide
The other cells resemble
those of the
variety
of
cells
including
fibroblasts,
mononuclear
phagocytic
system,
thus
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supporting reports that the tunica adventitia of
the aorta contains macrophages and vascular
dendritic cells (Majesky et al., 2011, 2012;
Stenmark et al., 2012; 2013). These workers
suggested that these cells are responsible for
maintaining
immune
surveillance
and
inflammatory
cell
trafficking,
therefore
protecting the vascular wall. Accordingly, it has
been suggested that resident macrophages and
dendritic cells comprise a large population of
immune cells which may be involved in
homeostatic regulation of immune responses
within the aortic wall (Majesky er al., 2011;
Stenmark et al., 2013).

microvasculature and multiple populations of
cells usually involved in synthesis of ECM,
immunesurveillance and remodeling of the
aorta.
These are the features that probably
enable it to maintain structural and functional
integrity and respond to vascular injury.
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In conclusion, the tunica adventitia of the aorta
is an active vascular compartment with

REFERENCES
1. Campbell KA, Lipinski MJ, Doran AC, Skaflen MD, Fuster V, Mc Namara CA. 2012. Lymphocytes
and the adventitial immune response in atherosclerosis. Circ Res 110: 889 – 900.
2. Corselli M, Chen CW, Sun B, Yap S, Rubin JP, Peault B. 2012. The Tunica adventitia of Human
Arteries and veins as a source of mesenchymal stem cells. Stem cell and Development 21: 1299
– 1308.
3. Fagundes A, Pereira AH, Correa K, de Oliveira MT, Rodriguez R. 2012. Effects of removal of the
adventitia of the descending aorta and structural alterations in the tunica media in pigs Rev Col
Bras Circ 39: 133- 137.
4. Fugundes A, Pereira AH, Correa RK, deOliveira MT, Rodriguez R. 2012. Effects of removal of the
adventitia of the descending aorta and structural alterations in the tunica media in pigs. Bras Cir
39: 133 – 138.
5. Garcia JL, Femandez N, Garcia-Villalon AL, Gomez B, Dieguez G. 1995. Cerebral reactive
hyperaemia and arterial pressure in anaesthetized goats. Acta Physiologica Scandinavica 153:
355-63.
6. Howson KM, Aplin AC, Getati M, Allesandri G, Parati Ea, Nicosia RF. 2005. The postnatal rat
aorta contains pericyte progenitor cells that form spheroidal colonies in suspension culture. Am
J Physiol: Cell physiol 289: C 1396 – 1407.
7. Kachlick D, Baca V, Stingl J, Sosna B, Lametschwandtner A, Minnich B, Selina M. 2007.
Architectonic arrangement of the vasa vasorum of the human great saphnous vein. J Vasc Res;
44: 157 – 166.
8. Kielty CM, Sherratt MJ, Shuttle worth CA. 2002. Elastic fibres. J Cell Scie 115, 2817 -2828.
9. Lemson MS, Daemen MJ, Kitshaar PJ, Tordoir JH. 1999. A new animal model to study intimal
hyperplasia in Av fistula. J Surg Res, 85:51-58.
10. Majesky MW, Dong XR, Hoglund V, Mahoney Jr WM, Daum G. 2011. ATVB in Focus: vascular
cell Lineage Determination and Differentiation. Arterioscler Thromb Vasc Biol; 31: 1530 – 1539.
11. Majesky MW, Dong XR, Hoglund V, Daum G, Mahoney Jr WM. 2012. The adventitia: A
progenitor cell Niche for the vessel wall. Cell Tiss Organ, 195: 73 – 81.

622

Anatomy Journal of Africa. 2015. Vol 4 (2): 617-623.
12. Mello JM, Orsi AM, Padovani CM, Matheus SMM, Eleuterio ML. 2004. Structure of the aortic wall
in the Guinea Pig and Rat Brazilian Journal of Morphological Science 21: 35 – 38.
13. Nowrozani FR. 2011. Comparison of the abdominal aorta and renal artery in neonate male dog.
J Am Vet Adv 10: 2278 – 2281.
14. Ogeng’o JA, Ongeti K, Obimbo M, Olabu B, Mwachaka PM. 2014. Features of athrosclerosis in
the tunica adventitia of coronary and carotid arteries in a black Kenyan population. Anat Res Int
Article ID 456741.
15. Orsi AM, Stefanini MA, Crocci AJ, Simoes K, Ribeiro AACM. 2004. Some segmental features on
the structure of the aortic wall of the dog. Anat Histol and Embryol 31; 131-134.
16. Poole DC, Copp SW, Feruson SK, Musch TI. 2013.
Skeletal muscle capillary function:
contemporary observations and novel hypothesis. Exp Physiol; 98: 1645 – 1658.
17. Popescu MR, Zugun FE, Cojocaru E, Toran L, Folescu R, Zamfir CL. 2013. Morphometric study
of aortic wall parameters evolution in newborn and child. Rom J Morphol Embryol 54:399 – 404.
18. Prassinos NN, Galatos AD, Raptopoulos D. 2005. A comparison of propofol, thiopental or
ketamine as induction agents in goats. Veterinary Anaesthesia and Analgesia 32: 289- 296.
19. Simionescu M, Sima AV. 2012. Morphology of Atherosclerotic lesions. In Inflammation and
Atherosclerosis eds G Wicka; C Grundman. Springer-verlag/Wien, pp 19 – 38.
20. Skilton MR, Boussel L, Bonner F, Bernard S, Douck PC, Moulin P, Serusclat A. 2011. Carotid
intima-media and adventitial thickening: comparison of new and established ultrasound and
magnetic resonance imaging techniques Atherosclerosis 215: 405 – 410.
21. Skilton MR, Serusclat A, Sethu AH et al,. 2009. Non invasive measurement of carotid extramedial thickness: associations with cardiovascular risk factors and intima-medial thickness.
JACC Cardiovasc Imaging 2: 176 – 182.
22. Skilton MR, Sulivan TR, Ayer JG, Harmer JA, Toelle BG, Webb K, Marks GB, Celermajer DS.
2012. Carotid extra-medial thickness in childhood: early life effects on arterial adventitia.
Atherosclerosis 222: 478 – 482.
23. Stenmark KR, Frid MG, Yeager M, Riddle S, McKinsey T, Elkasmi KC. 2012. Targeting the
adventitial microenviroment in pulmonary hypertension. A potential approach to therapy that
considers epigenetic change. Pulm Circ 2: 3- 14.
24. Stenmark KR, Yeager ME, El Kasmi KC, Nozik-Grayck E, Gerasimovskaya EV, Li M, Riddle SR,
Frid MG. 2013. The adventitia; Essential regulator of vascular wall structure and function. Ann
Rev Physiol 75: 23 – 47.
25. Tang W, Liu Z, Si Y. 2013. Tunica Arterial Adventitia: A new Exploration in Intimal Hyperplasia.
J Vasc Med Surg 1:2.
26. Tonar Z, Witter K, Krizkova V, Eberlova L, Kirova J, Molacek J, Houdek K, Kochova P, Vrzalova J,
Topolcan O, Treska V. 2010. Stereological tools for quantitative microscopy of the aortic wall
with focus on the abdominal aortic aneurysm. Microscopy: Science, Technology, Applications
and education. A Mendez-vilas and J Diaz (Eds); 926 – 935.
27. Torsney E, Hy Y, Xu Q. 2005. Adventitial progenitor cells contribute to atherosclerosis. Trends
Cardiovasc Med 15: 64 – 68.
28. Viegas KA, Orsi AM, Matheus SMM, Francia-Farje LAD, Orsi DC, Mello JM. 2001. Características
estructurales de la aorta del conejo (Oryctolagus cuniculus). Review of Clinical Anatomy 19, 131
– 137.
29. Zheng JW, Qiu WL, Zhang ZY; Lin GC; Zhu HG. 2000. Anatomical and Histologic study of the
cervical vessels in goats. Shangai Kou Qiang Yi Xue 9: 39 – 41.

623

