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Abstract: Aorta is the largest artery in the body. Anatomically, it is traditionally divided into the ascending, the aortic 

arch, the descending, the thoracic and the abdominal aorta. Collagen is one of the most important components of the aortic 

wall. Its concentration and its total amount play a significant role in the aortas’ function and mechanical properties, such 

as tensile strength and stiffness. The two main types of collagen found in the aorta are types I and III and they account for 

80-90% of the total collagen. Age, sex hormones, aneurysms and hypertension are factors that can alter collagen and its 

subtypes in the aorta wall. As the aorta is a crucial artery and collagen is one of its most important components, collagen 

study is a helpful way to deal with aorta’s abnormalities.  
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1. INTRODUCTION 

 The aorta is the largest artery in the human’s and the 
animals’ body. Its role is to distribute oxygenated blood to 
all parts of the body through the systemic circulation. The 
cardiovascular system is affected by the function of the aorta 
in many ways. When the stiffness of the aorta is increased, 
an increased pulse-wave velocity is induced. It causes pre-
mature return of reflected pulse waves in late systole. It also 
increases central pulse load and the myocardial demand of 
oxygen [1].  

 Aorta is usually divided into five sections: a) the ascend-
ing aorta, b) the arch of aorta, c) the descending aorta, d) the 
thoracic aorta and e) the abdominal aorta (Fig. 1). The as-
cending aorta is the section between the heart and the arch of 
aorta. The peak part is the arch of aorta which looks some-
what like an inverted "U". The descending aorta, the section 
from the arch of aorta to the point where it divides into the 
common iliac arteries, is divided in two parts: the thoracic 
and the abdominal aorta. Thoracic aorta is the part of the 
descending aorta above the diaphragm, while abdominal 
aorta is the part below the diaphragm.  

 The aortic wall is divided into the adventitia layer, the 
media layer and the intima layer (Fig. 1). It contains collagen 
fibrils, smooth muscle cells, and elastic fibers as the primary 
load-bearing components [2]. The elastin forms elastic la-
mellae, which is situated between the smooth muscle cells. 
Collagen surrounds the smooth muscle cells and the elastic 
lamellae. Both collagen and elastin are crucial for the deter-
mination of the tensile strength and the stiffness of the aorta 
[3]. Although collagen is a key element of the extracellular 
matrix of the aorta and its removal is capable of reducing the 
local stiffness by up to 50 times, the remaining aorta tissue is 
still capable to form a coherent network [4].  
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 The mechanical properties of the aorta are depended not 
only on the amounts of the aortic wall main constituents but 
also on the spatial organization and the mechanical interac-
tions among these components. These interactions may be 
mediated by extracellular matrix adhesion proteins and their 
membrane receptors [5]. The most important mechanical 
property of the aortic wall is its non-linear elasticity [6]. 
Wells et al. [7] reported changes in mechanical properties 
and collagen cross-linking of the ovine thoracic aorta during 
perinatal development and postnatal maturation. One of the 
most common mechanical properties which are used to de-
scribe the behavior of an elastic material is the elastic 
modulus. The aortic tissue is a non linear material and the 
elastic modulus does not represent the continuously varying 
response of the tissue. The incremental modulus, the differ-
entiation of the stress-strain relationship, has been proposed 
to take into account the variation of the elastic modulus [8, 
9]. 

2. COLLAGEN  

 Collagen is a group of naturally occurring proteins. It is 
one of the long, fibrous structural proteins whose functions 
are different from those of globular proteins such as en-
zymes. It is abundant in most invertebrates and vertebrates 
[10, 11]. It is the main protein of the connective tissue and 
represents about one-fourth of the total protein content in 
many animals [12]. The collagen molecule is formed by 
three polypeptide strands, named alpha chains. Each chain 
possesses the conformation of a left-handed helix. These 
three helices are twisted together to form a triple helix which 
is stabilized by hydrogen bonds. Several reports on inverte-
brates’ collagen have emphasized its morphological and 
functional characteristics [13-15]. There is some covalent 
cross-linking within the triple helices. Also there is a vari-
able amount of covalent cross-linking between the collagen 
molecule helices. That way well-organized aggregates, such 
as fibrils, are forming [16]. Collagen fibrils are the aggrega-
tion of several subunits, called tropocollagen. Tropocollagen 
is approximately 300 nm long and 1.5 nm in diameter. These 
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fibrils are semi-crystalline aggregates of collagen molecules. 
Collagen fibers are bundles of fibrils. These fibers are a ma-
jor component of the extracellular matrix that supports most 
tissues and provides structure to the cells from the outside. 
Collagen exists in many places throughout the body (skin, 
bones, liver, aorta, muscles etc). So far, 29 types of collagen 
have been identified and described. However, over 90% of 
the collagen in the body is of type I, II, III, and IV. Type I is 
the most abundant collagen type in vertebrates’ tissues 
(about 22% of the total protein in vertebrates is collagen type 
I). Its a-chain is formed by two a1(I) and one a2 chains 
([a1(I)]2a2). It can be found in skin, liver, bones, aorta, cor-
nea and other tissues. Type II and type III are formed by 
three a-chains of the same type (a1[II]3 and a1[III]3 respec-
tively). Type-II collagen is the basis for articular cartilage 
and hyaline cartilage. Type III structurally is quite similar 
with type I. It represents the 5-20% of the total collagen in 
mammals’ tissues such as skin, bones, and aorta. Type-IV 
collagen chain formation is [a1(IV)]2a2(IV) and is found 
primarily in the basal lamina [17]. 

 The characteristic banded appearance of collagen fibrils 
has been known since the early days of electron microscopy. 
The most striking feature of the fibrils is the regular trans-
verse banding with its axial periodicity, named D-period, 
which is about 68 nm [18, 19]. There is a 40 nm distance 
between tropocollagen molecules of the same line (Fig. 2), 
while subsequent lines have been moved by 68 nm. Tropo-
collagen molecules forming the collagen fibrils are not lo-
cated exactly below each other. This is because the length of 
the tropocollagen, which is 300 nm, divided by the axial pe-
riodicity (D-period=68 nm) does not give an integer number.  

 When the collagen fibrils are exposed to solutions of 
heavy metal salts, up to 12 staining bands (Fig. 3) of differ-
ing widths can be distinguished in each D-period [20, 21]. In 

fibrils prepared for electron microscopy, dehydration leads to 
low values of D-period. The D-period and the fibril diameter 
of the collagen have been studied in many tissues in order to 
determine how the collagen affiliates with tissue disorders or 
how it affects the mechanical properties of these tissues [22-
25].  

3. AORTIC COLLAGEN 

 The two main types of collagen found in the aorta are 
types I and III. They account for 80-90% of the total colla-
gen present in the aorta [2, 26-28]. Types IV, V, VI and VIII 
can be also found in smaller amounts [28]. In the normal 
aorta, fibrillar collagens (types I and III) are the major con-
stituents of the intima, media, and adventitia layer. Types IV 
and V of collagen are situated in the endothelial and smooth 
muscle cell basement membranes [29], along with collagen 
types I and III [30]. According to Silver et al. [2], the pres-
ence of type III collagen in aortic wall increases the flexibil-
ity of the collagen fibrils. Other studies [27] demonstrate the 
integral role of type I collagen in the biomechanical and 
functional properties of the aorta. Howard [31] localized 
immunocytochemically the collagen types I, III and IV in 
fetal bovine aorta. In the ascending region of the aorta, types 
I, III, and IV colocalized in the intima and media layers. In 
the descending thoracic aortic region types I and IV were 
distributed throughout the intima and media layers, whereas 
type III collagen localization was variable depending on the 
antibody used for detection. In the abdominal aorta types I 
and IV collagen were found in the intima and media layers. 
Type III collagen localized heavily to the adventitia layer. 
Murata [32] referred that the amounts of collagen type I, III 
and V per 1g of defatted dry weight in the intima of human 
aorta are 69mg, 18mg and 15mg respectively. In the media 
these amounts are 51mg, 22mg and 12mg, Adventitia has the 
largest amount of type I collagen (91mg). Types III and V 

 

Fig. (1). The five sections of the aorta and the aortic wall layers. 
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are represented in this layer by 14mg and 8mg respectively. 
There is only one study that investigates the ultrastructure of 
collagen fibrils in the aorta [22]. The descending aorta of 
male Wistar rats of different ages (2 months, 4 months and 
14 moths old) was studied under a transmission electron mi-
croscope and the diameter of the collagen fibrils was meas-
ured (81.7 ± 7.6 nm, 83.3 ± 5.9 nm and 80.1 ± 6.4 nm re-
spectively). Collagen fibrils appeared to be packed in a 
roughly parallel array (Fig. 4). The aorta’s collagen fibrils D-
period can be measured using a transmission electron micro-
scope and image analysis programs [17]. It is appeared to be 
similar with the D-period of other tissue’s collagen. Most of 
the mature collagen molecules in blood vessels and arteries 
are known to be cross-linked together by the action of lysyl 

oxidase [33, 34]. Intermolecular cross-links are located 
probably between a segment near the C-terminal of a mole-
cule and a segment near the N-terminal of another molecule 
[33]. These cross-links stabilize the collagen fibrils and pro-
vide stiffness to the vessels. Another study [35] demonstrates 
the integral role of type I collagen in the biomechanical and 
functional properties of the aorta and reveal that the presence 
of homotrimeric type I collagen isotype (absence of 2(I) 
collagen) significantly weakens the aorta.  

 Collagen probably is one of the most important compo-
nents of the aortic wall. The amount of collagen and the col-
lagen types ratios in the aortic wall can change with ageing, 
influence of sex hormones and pathology (aneurysms, hyper-

 

Fig. (2). Axial structure of D-periodic collagen fibril.  

 

Fig. (3). An electron micrograph of a collagen fibril positively stained with phosphotungstic acid and uranyl acetate. The characteristic band-

ing appearance repeats regularly in the direction of the fibril axis with a periodicity D. Up to 12 staining bands of differing widths per D-

period can be distinguished. Labeling of the bands follows the notation of Hodge and Schmitt [17, 21]. 
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tension). For example, with aging, the aortic wall becomes 
stiffer. This could happen due to changes in wall stress or 
composition. According to Cantini et al. [36] a change in the 
composition of the wall is responsible for the age-linked 
increase in wall stiffness while the elastin/collagen ratio does 
not change with age. The study of collagen provides a 
unique opportunity to see normal and abnormal aorta from 
another point of view. 

A. Age-related Changes in Amount and Concentration of 
Collagen 

 Aorta’s biomechanical and functional properties are 
changing with ageing. During the ageing process collagen 
and elastin contents in the aortic wall show a very significant 
loss of extracellular matrix structure [37]. The aorta’s stiff-
ness is also increased during ageing [42] and an increment in 
collagen content [37-39] take place. Cattell [37] reported that 
the collagen concentration in the wall of the thoracic aorta 
(ascending aorta and descending arch) was increased with 
age over the 14-90 year range, while the amount of the col-
lagen was decreased. At the age of 90 years the thoracic 
aorta’s collagen concentration was 72% more than at the age 
of 14 years. The amount of collagen was decreased by 80% 
at the age of 90 years. The correlation between collagen con-
centration and age was depended by the thoracic aorta part 
(relatively weak for the ascending aorta, stronger for the de-
scending arch and best for the area close to the diaphragm). 
Cattell suggested that the loss of other aortic wall compo-
nents with ageing was more acute closer to the diaphragm. 
Andreotti [38] studied human aortas from subjects aged from 
9 to 84 years. He reported that ageing was accompanied by 
an increment in collagen content. Collagen concentration did 
not seem to change significantly up to the age of 50, but was 
increased thereafter [37, 40]. Maurel [41] during his study 
with aortic arch, thoracic aorta, upper abdominal and lower 
abdominal aorta reported no variation of collagen content 

with ageing. This discrepancy may be due to the use of cya-
nogen bromide digestion that authors used in order to release 
peptides for estimation. Cyanogen bromide may be less ef-
fective on older tissue. Maurel also found that with ageing 
collagen type III decreased in quantity from the heart to the 
distal portion of the aorta. Bruel [42] reported a decrement in 
the amount of collagen type I relative to type III in rats aorta 
during the ageing process. The total amount of collagen was 
not changed, but the increment in the aorta diameter resulted 
in less collagen per mm

2
 of the aortic wall. Other studies 

showed no changes or a slight increment in collagen and 
elastin concentration in relation to age [43-46]. 

B. Influence of Sex Hormones on Aorta’s Collagen 

 Aorta abnormalities (abdominal aneurysm and athero-
sclerotic vascular disease) seem to be more common in men 
than woman. The risk of an abdominal aorta aneurysm ap-
pearance in men is 4 times higher than in women [47]. Scott 
suggests [48] that the prevalence of an abdominal aortic an-
eurysm in women is six times lower than in men. Women 
before menopause have a lower incidence of atherosclerotic 
vascular disease than do men of the same age [49]. The inci-
dence in women after menopause starts to approach that of 
men [50, 51]. The correlation between sex hormones and 
collagen (one of the most important components of the aortic 
wall) studied by many researchers. These studies showed a 
strong correlation between sex hormones and aorta’s colla-
gen [50-53]. Collagen synthesis and accumulation also found 
to be increased in atherosclerotic blood vessels [52, 53]. 
Cembrano [50] estimated aorta’s collagen in normal chick-
ens of both sexes, in cockerels gonadectomized or treated 
with estradiol and in hens treated with testosterone. The re-
sults showed a significantly higher amount of collagen in 
males than in females. Collagen values of the gonadec-
tomized males and males treated with estradiol were similar 
with those of the females. When the females were treated 

 

Fig. (4). A. Collagen fibrils in the descending aorta of male Wistar rats’ aorta appeared to be packed in a roughly parallel array. Bar=0.6μm. 

B. Aorta’s collagen fibrils diameter can be measured by the use of a transmission electron microscope. Bar=0.35μm [17]. 
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with testosterone the collagen values were similar with those 
of the males. Fischer studied extensively the influence of sex 
hormones on aorta’s collagen [51-53]. He founds that cas-
trated rats receiving testosterone had significantly higher 
total collagen than those receiving estradiol [51]. Estradiol in 
the presence or absence of testosterone can decrease the total 
accumulation of vascular connective tissue and may alter the 
proportions of collagen thus the vessel can be more distensi-
ble [51]. Testosterone had an opposite but a less marked ef-
fect than estradiol on vascular connective tissue. Similar 
results were found when rabbits were used as experimental 
animals [53]. The administration of estradiol to ovariec-
tomized rabbits resulted in a degree of atherosclerosis and 
collagen synthesis similar to that of intact rabbits. However, 
ovariectomized rabbits administered progesterone resembled 
the ovariectomized rabbits without hormone replacement. 
The results of another study [52] indicated that testosterone 
and probably progesterone exert an anabolic effect on arte-
rial connective tissue metabolism in rabbits, increasing the 
synthesis of collagen and resulting in increased accumulation 
of collagen in the female atherosclerotic aorta. Fischer find-
ings are consistent with the hypothesis that sex hormones 
can affect the development of atherosclerosis. Specifically, 
testosterone and progesterone favored the development of 
atherosclerosis.  

C. Aortic Aneurysms and Collagen 

 Aneurysm is an abnormal and persistent dilatation of a 
vessel. A common site for aneurysm formation is the ab-
dominal part of the aorta. Collagen appears to play an impor-
tant role in the aortic aneurysms. Collagen turnover is impor-
tant for vessel wall repair and regeneration and its degrada-
tion is believed to be associated with the rapture of an ab-
dominal aortic aneurysm [54, 55].There are studies reporting 
that the total amount of collagen is increased in aneurysmal 
aorta. Whittle [56] examined the dissecting aneurysms. Aor-
tic sites which actually involved in dissection were compared 
with the corresponding sites in controls. They came to the 
conclusion that in the case of the dissecting aneurysms there 
was a highly significant increment in the amount of collagen 
and a significant decrement in the collagen concentration. 
This made the aortic wall weaker and less able to withstand 
the mechanical stresses constantly imposed upon it. The re-
sults of the above study agreed with Menashi and Rizzo [50, 
51] who studied abdominal aortic aneurysm. In Menashi’s 
study [57] there was an increment in the proportion of colla-
gen in aneurysmal aorta from 62% to 84% and it appeared to 
be the result of preferential elastin degradation. Rizzo [58] 
found that in aneurysms the collagen was increased from 
24% ± 5% to 37% ± 16% while elastin was decreased from 
12% ± 7% to 1% ± 1%. Carmo [59] refers that beside the 
confirmed decreased elastin content in aneurysmal walls 
there is also a concurrent increment of collagen cross-links. 
They concluded that since the total collagen markers were 
decreased, it is reasonable to suggest that in aneurysmal aor-
tic walls old collagen accumulates cross-links while new 
collagen biosynthesis is somehow defective. 

 In contrast Borges [60] refers that collagen is reduced 
and disrupted in human aneurysms and dissections of as-
cending aorta. In his study aortic dissections and aneurysms 

showed a decrement in collagen content that could be related 
to a weakness of the wall underlying the diseases.  

 The ratio of type I to type III collagen was also suggested 
to be important in aortic aneurysms. Menashi [57] estimated 
that this ratio did not vary significantly from 2:1 in both con-
trol and aortic aneurysms groups. A subgroup of three pa-
tients with a significant family history of aneurysm had 
lower amounts of type III collagen in the aortic media, sug-
gesting that abnormalities in type III collagen may be due to 
the genetic factors contributing to familial clustering of an-
eurysms. Rizzo [58] estimated that collagen type I accounted 
for 74% ± 4% of aneurysm and 73% ± 4% of control. Colla-
gen type III accounted for 26% ± 4% of aneurysm and 27% 
± 4% of control.  

D. Hypertension and Aortic Collagen  

 Hypertension is associated with structural alterations of 
conduit arteries, and arterial wall hypertrophy is a major fea-
ture of these changes. Hypertension appears to be one type 
of insult that enhances vascular connective tissue formation 
and induced an increased collagen synthesis and an increased 
total amount of collagen [61-66]. Wolinsky [61] studied the 
long-term effects of hypertension on the aortic wall of male 
Carworth rats. Hypertension was produced by clipping the 
renal artery. In general, renovascular hypertension is associ-
ated with excessive collagen and elastin deposition [65]. 
Comparison between control and hypertensive aortas at 2.5 
and 16 months old rats showed significant increments in 
absolute amounts of both elastin and collagen. The percent 
of collagen increased sharply in aortas of both control and 
hypertensive rats over the period from 2.5 to 16 months. In-
terestingly sharp increases in absolute amount of both colla-
gen and elastin were seen in ageing controls as well. The 
collagen percent in hypertensive vessels was less than the 16 
months controls. Wolinsky [61] came to the conclusion that 
the aortic wall response to increases in tension resulting from 
increments in blood pressure and diameter. The ageing asso-
ciation was similar to that seen with over the hypertension. 
Ooshima [62] came to the same conclusion of the significant 
increment in absolute collagen amounts in hypertensive aor-
tas by studying collagen synthesis in Wistar rats’ blood ves-
sels. Hypertension appears to be the type of insult that en-
hances vascular connective tissue formation. According to 
Ooshima [62] the largest increment in collagen biosynthesis 
was observed in the aorta, which in most species is particu-
larly susceptible to atheroma formation. The increment of 
vascular collagen biosynthesis that is brought on by physical 
or chemical insults to the vascular system may be compared 
to the increments in collagen formation brought on by insult 
or injury to the most of tissues. The observed thickening and 
changes in elasticity of blood vessels in hypertension may be 
explained by the increased collagen biosynthesis. In the early 
phase of hypertension there are increased aortic collagen and 
elastin contents, which are associated with vascular hyper-
trophy [66]. Increased collagen biosynthesis may also be an 
early indicator of the vascular hypertension-induced lesions. 
In the aorta of spontaneously hypertensive rats, the collagen 
concentration was decreased approximately 16%, but the 
collagen synthesis was about twofold higher [63]. In the 
same study the passive mechanical properties of the aortas 
showed that in spontaneously hypertensive rats the aortas 
were stiffer compared with aortas of normotensive rats. Hy-
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pertension does not affect collagen content of the entire aorta 
evenly. In the abdominal part the collagen content seems to 
be unaffected by hypertension. However in the arch and in 
the descending thoracic part, hypertension is associated with 
an increment in collagen content [64]. 

 Different collagen types appear to be affected by hyper-
tension. Type V collagen represented a minor fraction of 
total collagen (about 5%) in the aortas. Bashey [63] showed 
that in hypertensive rats this fraction (collagen type V) was 
twofold greater than in normotensive rats. This increment 
was accompanied by a reduction in the proportion of type I 
collagen but with no change in the proportion of type III. In 
genetically hypertensive rats, the wall stiffness of the large 
arteries is not affected by hypertension itself only, but also 
by differences in the contents of collagen subtypes. Higher 
density of collagen III but not of collagen I was demon-
strated in conduits arteries of rats with genetic hypertension 
[67]. According to Herrmann [68] in hypertension aorta’s 
collagen III production is associated with the transformation 
of adventitial fibroblasts into myofibroblasts. It has also been 
proposed that the loss of collagen from the vessel wall may 
be accompanied by a greater loss of other vascular compo-
nents leading to an overall increase in collagen concentration 
[69].  

4. CONCLUSIONS  

 Aorta is the most crucial artery in humans and animals. 
Its abnormal function is associated with many cardiovascular 
abnormalities. Collagen, especially type I and III, is one of 
the most important aortic wall components and it can be af-
fected by many factors, such as ageing process, sex hor-
mones, hypertension and aneurysms. With ageing, aorta be-
comes stiffer, there is a loss of its total collagen amount, an 
increment of the collagen concentration and aortic collagen 
subtypes are affected. Men are more likely than women to be 
insulted by aorta abnormalities. The risk of an abdominal 
aorta aneurysm appearance in men is 4 times higher than in 
women. There is a strong correlation between sex hormones 
and aorta’s collagen. Sex hormones can affect the develop-
ment of atherosclerosis. Estradiol can decrease the total ac-
cumulation of vascular connective tissue and may alter the 
proportions of collagen thus the vessel can be more distensi-
ble. Testosterone has an opposite but a less marked effect 
than estradiol on vascular connective tissue. Aortic collagen 
is also important in cases of aortic aneurysms and hyperten-
sion. Its degradation believed to be associated with the rap-
ture of abdominal aortic aneurysm. In the case of dissecting 
aneurysms collagen amount shows an increment, while col-
lagen concentration shows a decrement. The ratio of type I to 
type III collagen is also appeared to play an important role in 
aortic aneurysms. The excessive collagen and elastin deposi-
tion is associated with renovascular hypertension. There is a 
significant increment in absolute collagen amounts in hyper-
tensive aortas and the increased collagen biosynthesis may 
be an early indicator of the vascular lesions brought on by 
the hypertension. Different aortic collagen types appear to be 
also affected by hypertension.  
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