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The structural organisation of tunica intima in the aorta is important for its
integrity, prediction, and diagnosis of atherosclerosis. The goat is a suitable
model for cardiovascular studies, but the structure of its tunica intima is scarce-
ly reported. This study, therefore, aimed to describe features of the goat aortic
tunica intima by light and transmission electron microscopy.
Sixteen healthy male domestic goats (capra hircus) aged between 6 and
24 months were used: 8 for light and 8 for electron microscopy. The animals
were euthanised with sodium pentabarbitone 20 mg/mL and fixed with 3%
phosphate buffered glutaraldehyde. For light microscopy, specimens from va-
rious regions of the aorta were routinely processed for paraffin embedding and
7 mm sections stained with Mason’s trichrome. Those for transmission electron
microscopy were post fixed in osmium tetroxide, embedded in Durcupan, and
ultrathin sections stained with uranyl acetate and counter stained with lead
citrate.
Endothelium comprises round and squamous cells, linked to the subendothe-
lial material by a simple and sometimes lamellated basement membrane. In
the subendothelial zone, a heterogenous population of cells are connected
with interlinked collagen and elastic fibres. Both cells and fibres are connected
to the internal elastic lamina.
The composite structure and interlinkages in the tunica intima permit unitary
function and increase mechanical strength, thus enabling it to withstand
haemodynamic stress. (Folia Morphol 2010; 69, 3: 164–169)
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INTRODUCTION
The tunica intima of the aorta varies in its histo-

morphology depending on blood flow dynamics,
age, and animal species [3, 12]. These variations are
important in intimal integrity, prediction, and diag-
nosis of atherosclerosis [13, 22, 27]. The goat is
a suitable model for studying vascular disease and
for use in experimental cardiovascular surgery be-
cause the structure of some of its vessels [16, 28]
and its physiological cardiovascular parameters [9,
17, 20] resemble those of humans. The organisa-

tion of the tunica intima in its aorta, however, re-
mains largely underreported. The present study,
therefore, investigated the characteristics of this
layer in the aorta of the goat.

MATERIAL AND METHODS
Sixteen healthy male domestic goats (Capra hir-

cus) aged between 6 and 24 months and weighing
10–60 kg were used in this study. The animals were
purchased from private livestock farmers in Nairobi.
Ethical approval for the study was granted by the
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Kenya Physiological Society — Animal Research and
Ethics Committee. Only animals certified to be
healthy by a veterinary doctor and the age of which
was known from farm records were used. The ani-
mals were euthanised with an overdose of sodium
pentabarbitone 20 mg/mL injected intravenously,
and fixed by gravimetric perfusion with 3% phos-
phate buffered glutaraldehyde. Specimens were ta-
ken from the ascending, arch, thoracic, and abdomi-
nal aortae. Those for light microscopy were routinely
processed for paraffin embedding and sectioning,
and 7 mm sections were stained with Mason’s
Trichrome. Those for transmission electron micros-
copy were post fixed in 1% phosphate buffered os-
mium tetroxide solution. The sections were cleared
in propylene oxide and embedded in 100% Durcu-
pan with catalyst and polymerised in an oven at 60oC
for 48 hours. Ultrathin sections were made with
Reichert ultramicrotome©, collected on 200 mesh
copper grids, stained with uranyl acetate, counter-
stained with lead citrate, and examined by EM 201
Philips© electron microscope.

RESULTS
In all the segments studied, tunica intima com-

prises a uniform structure of three layers, namely
endothelium and its basal lamina, a variable suben-
dothelial zone, and internal elastic lamina (Fig. 1A).
Endothelium consists of a single layer of flat and
round cells (Fig. 1B–D). In the flat cells, the cell mem-
branes are pitted with caveolae (Fig. 1C). The ge-
nerally smooth basal surface is supported on a thin
basal lamina, frequently connected to the suben-
dothelial elastic fibres while the nucleus is dented,
elongated, and predominantly euchromatic (Fig. 1C).
Round endothelial cells, on the other hand, display
an irregular luminal surface and a basal surface,
bearing long branched processes which project into
the subendothelial zone (Fig. 1D). The lateral pro-
cesses of these round cells also show protrusions
into the subendothelial zone. The large preponde-
rantly euchromatic nucleus is generally irregular.

Intercellular junctions between the endothelial
cells are of two types, namely a plane angular junc-
tion with a single extension anchoring into a cleft
(Fig. 1E) and an interdigitation between finger-like
lateral extensions of the cell membranes (Fig. 1F). In
both cases, adjacent cell membranes show high elec-
tron density. The basal surface of the endothelial
cell is connected to the basal lamina by focal areas
of high electron density (Fig. 1G). Endothelial cells
are attached to the subendothelial connective tissue,

either through a thin simple basal lamina (Fig. 1E, G)
or a lamellated basement membrane (Fig. 1F, H).

The subendothelial zone contains a morpholo-
gically heterogeneous population of cells (Fig. 2A–C),
divisible into two main categories. The first catego-
ry of cells is characterised by the presence of rem-
nants of a basal lamina, rough endoplasmic reticu-
lum, and a large euchromatic nucleus (Fig. 2A). These
cells vary in morphology, some with regular cell sur-
faces, and others with highly irregular surfaces. The
second category are large with irregular euchromatic
nuclei, have a thin rim of cytoplasm, lack remnants
of basal lamina, and contain definite rough endo-
plasmic reticulum. Both cell types are intimately as-
sociated with the elastic fibres (Fig. 2B, C). Connec-
tive tissue of the subendothelium comprises both
collagen and elastic fibres oriented in all directions.
The collagen and elastic fibres are frequently inter-
linked, insert onto the surface of the smooth mus-
cle cells, and connect the basement membrane to
the subendothelial cells (Fig. 2D).

The prominent internal elastic lamina is connect-
ed to subendothelial smooth muscle cells (Fig. 2E).
On its abluminal side, it is often connected to smooth
muscle cells, establishing physical contact, through
areas of high electron density. In some areas, col-
lagen fibres intervene between the internal elastic
lamina and the smooth muscle cell (Fig. 2F).

DISCUSSION
The endothelium comprises morphologically flat

and round cells, as reported for the aorta of other
mammals [2, 15]. Some of the cells attach to the
subendothelial extracellular matrix through a lamel-
lated basement membrane, similar to that in arte-
ries subjected to elevated pressures [14]. The heter-
ogeneity of endotheliocyte morphology, their later-
al intercellular junctions, and mode of attachment
to subendothelial material are considered to reflect
their adaptation to elevated shear and other me-
chanical stress [4, 12, 21]. This suggests that the
tunica intima is designed to withstand haemody-
namic forces, to which it is constantly subjected.

Pertinent observations of the current study in
support of this suggestion are first that many of
the subendothelial cells, similar to literature reports,
are typical smooth muscle cells and their modified
form or fibroblasts [10, 19]. These cells have been
implicated in the synthesis and secretion of extra-
cellular matrix comprising elastic and collagen fibres
[24]. Indeed, both cell types are intimately associa-
ted with connective tissue fibres which in some cas-
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Figure 1. Micrographs of tunica intima of goat aorta showing endothelial cells; A. Components of tunica intima, namely endothelium
(arrow) and subendothelial zone (SEZ) and internal elastic lamina (arrow head). Mason’s trichrome ¥ 250; B. Flat (arrow head) and round
(arrow) endotheliocytes. Mason’s trichrome ¥ 400; C. Flat endotheliocyte with caveola (arrow). Note basal lamina (BL) and its asso-
ciation with elastic fibres (ef) ¥ 27,800; D. Round endotheliocyte with basal cytoplasmic extensions (stars) into subendothelial zone
¥ 27,800; E. Plane intercellular junction (arrowheads) between adjacent endotheliocytes (ec). Note the thin basal lamina (BL) and subendo-
thelial cell (sec) ¥ 27,800; F. Interdigitating junction (arrowheads) between two adjacent endothelial cells (ec). Note lamellated basement
membrane (BM) ¥ 8,760; G. Endothelial cell (EC) with its basal lamina (BL). Note electron dense area of fusion between endothelial cell
and basal lamina (arrow head); and intimate association between BL and elastic fibre (ef); H. Endothelial cell (ec) with extensions (stars)
into lamellated basement membrane (BM).

*
*
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es appear to emanate from them. The presence of
the connective tissue fibres oriented in various di-
rections in this layer is important in anchoring the
endothelium to the internal elastic lamina, yet al-

Figure 2. Electromicrographs of subendothelial cells in goat aorta; A. Spindle shaped subendothelial cell with a basal lamina (BL) intimate-
ly associated with elastic fibres (ef) ¥  8,760; B. Subendothelial rich in rough endoplasmic reticulum (rER) in close association with elas-
tic fibres (ef). Note absence of basal lamina ¥ 27,800; C. Subendothelial cell connected to lamellated basement membrane (BM) and elas-
tic fibres (ef) ¥ 8,760; D. Subendothelial smooth muscle cell (smc) connected by elastic fibres (ef) to lamellated basement (BM). Note inti-
mate association with collagen (co) and the connection between co and ef [arrows] and the connection between ef (arrowhead) ¥ 27,800;
ec — endothelial cell; E. Subendothelial cell (sec) in close association with elastic (ef) and collagen (co) fibres. Note connection with internal
elastic lamina (iel) ¥ 8,760. F. Internal elastic lamina (iel) connected to smooth muscle cell (smc) [arrow] of the tunica media (TM):
TI — tunica intima; co — collagen, ef — elastic fibres; ¥  27,800.

lowing its free play during the rhythmic contraction
and dilatation of the vessel [5].

The second observation is that elastic and col-
lagen fibres attach onto the smooth muscle cells,
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and that the two fibres are interconnected. These
are features which have hitherto only been associa-
ted with the tunica media and adventitia, for pur-
poses of distributing and withstanding mechanical
forces [3, 5, 25]. The tunica intima is thought to
yield little, if any, contribution to the structural me-
chanics of the vessel [11]. Furthermore, it is proba-
ble that, like in the tunica media [6], the interlocked
structure of endothelium, elastin, muscle, and col-
lagen enables the tunica intima to function as a me-
chanically homogenous unit [7].

Thirdly, the internal elastic lamina is connected
to the smooth muscle cells and elastic and collagen
fibres both on the luminal and abluminal side. This
suggests that the tunica intima and media are phy-
sically interlinked. This linkage may be responsible
for structural integration which permits the endo-
thelium, smooth muscles, fibroblasts, and extracel-
lular matrix of the intimomedial layer to act in con-
cert. Such a knit structure enables the vessel wall to
withstand the stresses to which it is subjected [25].
The structural linkage between the components of
the tunica intima and tunica media through inter-
nal elastic lamina suggest that the internal elastic
lamina has a more significant mechanical role than
previously appreciated. Probably, its interlinkages
with other components facilitate its ability to sup-
port the forces to which it is exposed [8, 26]. The
physical inter-linkage between the components of
the subendothelial zone, as observed in the present
study, suggests that this layer contributes signifi-
cantly to the mechanical properties of the aorta.

Heterogeneity of subendothelial smooth muscle
and other cells observed in the present study has
been reported in the human aortic tunica intima [1, 23].
Transformation of these cells is implicated in athero-
genesis [18, 23]. Accordingly, the goat aortic tuni-
ca intima may be a suitable model for studying
atherosclerosis.

CONCLUSIONS
The composite structure and interlinkages in the

tunica intima permit unitary function and increase
mechanical strength, thus enabling it to withstand
haemodynamic stress.
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