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SUMMARY
This study was carried out on eight adult birds of each of the chicken

(walking bird), duck (swimming bird) and pigeon (flying bird). Blood vessels
develop according to the particular requirements of the region supplied.
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Clearly distinguished differences of diameter, wall thickness and cross-
sectional area of the axillary and ischiatic arteries were recorded between the
studied birds. There is a correlation between the diameter of the artery,
cross-sectional area of its lumen as well as its wall and the mode of
locomotion. The axillary artery in pigeon has a larger diameter than that in
duck and chicken. On the other hand, the ischiatic artery in duck and chicken
has a larger diameter than in pigeon. The axillary artery in pigeon has a wider
lumen and a thinner wall than those of the ischiatic artery, but in chicken the
latter artery has a wider lumen and a thinner wall than the former one. The
present work indicates also that the amount of the elastic tissue in the tunica
media of the studied arteries increases corresponding to the particular needs
of the region supplied. The axillary artery contains abundant elastic tissue in
pigeon compared to that in duck and chicken. On the contrary, the ischiatic
artery has the largest amount of the elastic tissue in duck followed by chicken
then pigeon.
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INTRODUCTION

The blood vessels develop in accordance with the particular
requirements of a local region. For this reason, many types of blood vessels
exist that depart markedly, both qualitatively and quantitatively, from the
generalized structural plan (Arey,1963). In birds, the axillary artery which is
the continuation of the subclavian artery is considered to be the main blood
supply of the wing. The ischiatic artery which is the largest branch of
descending aorta, is the principal artery of the pelvic limb in birds
(Baumel, 1975). The basic structure of various types of arteries has been
extensively investigated (Parker,1958, Hodges,1974; Pellegrin,1976;
Fawcett,1986; Cormack,1987; Currie,1988). Informations about the
structure of arteries in relation to mode of locomotion are lacking in the

available literature. Therefore, this study was undertaken to throw some light

on the structure of both axillary and ischiatic arteries in chicken (walking
bird), duck (swimming bird) and pigeon (flying bird) in relation to mode of
locomotion.
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MATERIAL and METHODS

This work was carried out on eight adult birds of each of chicken
(Gallus domesticus), duck (Anas domestica) and pigeon (Columbia domesti
ca). The birds were anesthetized by inhalation using chloroform, then were
carefully dissected and the blood was withdrawn from the heart. The birds
were  thenafter injected with paraformaldehyde-glutaraldehyde fixative
(Karnovsky, 1965). Segments from the axillary and ischiatic arteries were
taken and immersed in fixative for four houres. The samples were then
transefered to 0.IM phosphate buffer and put in refregerator. Successive
changes using 0.1M phosphate buffer were applied before the samples were
osmicated (1% OsO4). The samples were dehydrated in ascending grades of
ethanol and embedded in ERL (Spurr,1969). Semithin sections were cut,
stained with Methylene blue-azur I (Richardson et al.,1960) and Weigert’s
elastic stain (Drury and Wallington,1980), then they were examined by light
microscope.

Using Quantiment Q500 MC image processing and analysis system
(Leica), the total as well as luminal diameters and cross-sectional area (CSA)
of both arteries, in addition to the thickness of their different layers were
measured. These measurements were applied on ten cross sections in each
bird of each studied species. The mean values and standard errors were
calculated and listed in tables.

RESULTS
Axillary artery:

The wall of the axillary artery consists of tunica intima, tunica media
and tunica adventitia (Fig.1-9). The tunica intima is composed generally of
flat endothelial cells beneath which a layer of subendothelial connective
tissue. The elastic fibres aggregate at the outer border of the intima forming a
corrugated interrupted layer of internal elastic lamina. The thickness of the
tunica intima is larger in chicken than in duck and pigeon (Table 1, Fig.21).

The tunica media is generally the thickest layer of the axillary artery
in all examined birds (Table 1, Fig.21). The structure of the tunica media
concerning its smooth muscle and elastic fibres accounts for the main
differences between the species under investigation. In chicken, the tunica
media contains abundant smooth muscle fibres in the form of 9-11 layers in
circular or oblique arrangement. Few fine discontinuous elastic membranes
are scattered between the smooth muscle layers. The thickness and
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corrugation of these elastic membranes decrease towards the tunica
adventitia. The external elastic lamina is well developed in chicken in
comparison to the other studied birds, it is made up of 4-6 thick corrugated
and anastomosing membranes (Fig.4, 7). In duck, the tunica media consists
almost entirely of closely packed thin smooth muscle fibres together with
scarce fine elastic fibres. The external elastic lamina is made up of 3-4 thick
discontinuous and less corrugated elastic membranes (Fig.5, 8). In pigeon,
the tunica media consists mainly of elastic fibres which are arranged in 10-13
elastic membranes, from which the outermost membrane is the external
elastic lamina (Fig.6, 9). On the contrary to that observed in chicken, the
corrugation and thickness of the elastic membranes in pigeon increase
towards the tunica adventitia. Some elastic fibres are interlaced. Circularly
disposed smooth muscle fibres are found between the elastic membranes.

The tunica adventitia of the axillary artery, in all examined birds, is
thinner than the tunica media. The relation between the thickness of the two
tunics differs in the various studied birds (Table 1, Fig.21). In case of duck,
this tunic is thinner than that of the chicken and pigeon. The tunica adventitia
is composed mainly of collagenous fibres which run predominantly in a
Jongitudinal direction. Scarce elastic fibres are seen immediately adjacent to
the tunica media (Fig.4-9). The fibres in the outer part of the tunica
adventitia are somewhat loosely arranged, this character is more evident in
chicken than in duck and pigeon.

The dimensions of the axillary artery differ in the different examined
birds (Table 1,2, Fig.1-3, 19-21). It has the largest diameter in pigeon
(1054.9um), followed by duck (739.4um) and chicken (517.1um). The
luminal diameter of the axillary artery shows also the highest value in pigeon
(806.9um), the lowest value in chicken (168 5um), but the duck shows a
relatively high luminal diameter (508.2uum).

The percentage of the cross sectional area (CSA) of the wall of the
axillary artery to its total CSA is the highest in chicken (87.90%), the lowest
in pigeon (43.87%). The duck occupies an intermediate position (51.45%).
On the contrary, the percentage of the luminal CSA is the smallest in chicken
(12.10%), the highest in pigeon (56.13%) and is relatively high in duck
(48.55%).

Ischiatic artery:

Generally the ischiatic artery is composed also of tunica intima,
tunica media and tunica adventitia (Fig.10-18). The thickness of the tunica
intima in chicken (5.01um) is nearly double that in duck (2.02pum) and in
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pigecn (2.56um). This tunic has the same basic structure as that of the
axillary artery, but in chicken, the thick subendothelial layer is highly cellular
containing large numbers of fibroblasts, smooth muscle cells and collagenous
fibres.

The thickness of the tunica media of the ischiatic artery differs in the
various examined birds (Table 3, Fig. 24). In chicken, this tunic is nearly
double that of pigeon and one and half fold that of duck. It is composed
mainly of smooth muscle fibres which are arranged in 12-14 layers in
chicken, 14-16 layers in duck and 9-11 layers in pigeon. The smooth muscle
fibres of this tunic are arranged mostly circularly in duck and pigeon, but in
chicken they tend to be longitudinal in some parts of the wall (Fig.13-15).
These layers are interposed by 4-6 thin interrupted elastic membranes in
chicken, 10-13 in duck and 3-4 membranes in pigeon. The external elastic
lamina is represented by relatively thick corrugated elastic membranes which
are 3-5 in number in chicken, 3-4 in duck and 2-3 in pigeon (Fig.16-18).

The tunica adventitia of the ischiatic artery in pigeon is relatively
thinner than that of the chicken and duck as shown in Table (3) and Fig.( 24).
In chicken, this tunic is characterized by the presence of dense collagenous
boundles arranged longitudinally in the inner part and circularly in the outer
part. The collagenous fibres run predominantly in a circular direction in duck,
and in a longitudinal direction in pigeon. In chicken and duck few elastic
fibres are seen immediately adjacent to the external elastic lamina. In pigeon,
the tunica adventitia contains more elastic fibres than the foregoing birds
(Fig.13-18).

The morphometric data of the ischiatic artery in the different
examined birds are shown in Table (3,4) and Fig. (22-24). The total diameter
of this artery is 1044.6um, 1 156.4um and 674.1um in chicken, duck and
pigeon respectively. In duck, the luminal diameter constitutes the highest
percentage of the total arterial diameter. The luminal diameter of the small
sized ischiatic artery in pigeon constitutes a higher percentage of the total
arterial diameter when compared with that of chicken.

The percentage of the CSA of the wall of the ischiatic artery to its
total CSA is the highest in chicken (72.92%)), followed by pigeon (55.53%)
then duck (50.35%). On the other hand, the percentage of the luminal CSA is
the highest in duck (49.66%), followed by pigeon (44.48%) then the chicken
(27.08%).
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DISCUSSION

The blood vessels develop in accordance with the particular
requirements of a local region. For this reason, many types of blood vessels
exist that depart markedly, both qualitatively and quantitatively, from the
generalized structural plan (Arey,1963). In this respect, the present study
reveals that the pigeon, inspite of being the smallest examined bird, has the
largest axillary artery in comparison with duck and chicken This is because
the axillary artery which is the main blood supply of the wing performs a
higher activity in such flying bird. In the same concern, the ischiatic artery
(the main blood supply of the pelvic limb) in duck has the largest diameter to
cover the great demand of the pelvic musculature during swimming.

Besides the fact that arteries develop according to the needs of a
local region, the present study shows species characteristics, for example the
chicken arteries have comparatively thick wall and narrow lumen. In pigeon
the arterial lumen is generally wide. In case of duck, the arteries retain a
constant ratio between the luminal and total diameters.

Williams and Warwick (1980) mentioned that in human, as a general
rule, the elastic arteries have walls about one tenth the thickness of their
interior diameter, muscular arteries about one quarter. Moreover, Seeley et
al.(1992) stated that the walls of the muscular arteries are relatively thick
when compared with their diameter. In this connection, the present
investigation reveals that the axillary artery has a wall thickness about one
seventh of its luminal diameter in pigeon, one fourth in duck and they are
nearly equal in chicken. In case of theischiatic artery, the thickness of the
wall is about one fourth the luminal diameter in duck and pigeon but it is
nearly half the luminal diameter in chicken. From all these observations, one
can conclude that the axillary artery of pigeon can be considered as an elastic
artery, the axillary artery of duck and the ischiatic arteries of duck and
pigeon are muscular arteries. In chicken both arteries can be classified
structurally as muscular arteries.

In concordance with Awal et al. (1995) in rat, the present study
reveals that the internal elastic lamina of both axillary and ischiatic arteries is
represented by a single wavy elastic membrane. Contrarily, this lamina has
been described in fowl to be 1-2 layers (Hodges,1974) or 2-3 layers
(Freeman,1984).

The tunica media of the studied arteries is composed of organized
admixture of elastic tissue and smooth muscles in varying proportions which
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comes in agreement with Dyce et al (1987). This variety depends upon the
location of the artery in relation to the heart. The arteries away from the
heart have more smooth muscle and less elastic fibres (Dellmann and
Brown,1987).

In addition to the location of the arteries from the heart, the function
of the arteries plays animportant role in determining the ratio of elastic to
smooth muscle fibres in their tunica media. The more the activity of the
arteries, the more the elastic fibres. This is very pronounced in the axillary
artery of pigeon where the elastic fibres predominate. This explains that the
axillary artery in pigeon performs a great activity in conducting blood to the
wing during flying. In the same concern, the ischiatic artery of duck contains
more elastic fibres in comparison to those of the other studied birds which
may reflect the need of the pelvic musculature to more blood supply during
swimming. Attributing the structure of the tunica media of arteries to their
function has been recorded by many authors. Clark and Clark (1940)
ascertained that the differentiation of the smooth muscle in the vessel wall is
influenced by blood pressure. Bone (1979) stated that the elastic quality of
the arteries aids in maintaining blood pressure and acts as auxillary blood
pump by squeesing the blood as they return to their original diameter to
receive a new volume of blood from the heart. Currie (1988) mentioned that,
the elastic character of the arterial wall provides strength and recoil potential
upon deformation during each systole, which maintain arterial blood pressure
during diastole. This is an important factor that maintains blood flow despite
the cyclical nature of cardiac contractions.

The external elastic lamina of all studied arteries, with exception of
the pigeon's axillary artery, is composed of multiple (2-6) layers of
anastomosing corrugated elastic membranes which demarcate the media from
the adventitia. This finding simulates the statement of Hodges (1974) in fowl.

Generally in all studied arteries the internal elastic lamina is
represented by one layer while the external elastic lamina is always more than
one layer. This seems to be a characteristic feature of the arteries in birds.

The adventitia in all arteries under investigation is thinner than the
tunica media and being more thinner in pigeon's arteries. On the other hand,
this tunic may be equal (Krause and Kutts,1994) or thicker (Fawcett, 1986)
than the tunica media in some arteries. The tunica adventitia in all studied
arteries is composed mainly of collagenous fibres which run predominantly in
a longitudinal direction. This longitudinal orientation of the collagenous
fibres may prevent the overdilatation of the arteries during systole
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(Cormack,1987). In addition, Fawcett (1986) mentioned that the loose
consistency of the tunica adventitia and predominant longitudinal orientation
of its components permit the continual changes in the diameter of the vessel
and limit the amount of retraction that takes place when an artery is cut.
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LEGENDS

Fig.(1-3): Semithin sections of axillary arteries in chicken (1 ), duck (2) and
pigeon (3). The axillary artery has the largest diameter in pigeon
followed by duck and is the smallest in chicken. Methylene blue-azur
IT stain, X63.

Fig.(4-6): Semithin sections of axillary arteries in chicken (4), duck (5) and
pigeon (6) showing: tunica intima (I), tunica media (M), tunica
adventitia (A), internal elastic lamina (arrow heads) and external
elastic lamina (arrows). Notice: different proportions of elastic and
smooth muscle fibres of the tunica media in different birds. Methylene
blue-azur II stain, X400.
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Fig.(7-9): semithin sections of axillary arteries in chicken (7), duck (8) and
pigeon (9) showing: tunica intima (I), tunica media (M), tunica
adventitia (A), internal elastic lamina (arrow heads) and external
elastic lamina (arrows). Notice: the variable amounts of elastic fibres
in different birds. Weigert’s elastic stain, X400.

Fig.(10-12): Semithin sections of ischiatic arteries in chicken (10), duck (11)
and pigeon (12). The artery is the largest in duck followed by chicken
and is the smallest in pigeon. The wall is the thickest in chicken and
is the thinnest in pigeon. Methylene blue-azur II stain, X63.

Fig.(13-15): Semithin sections of ischiatic arteries in chicken (13), duck (14)
and pigeon (15) showing: tunica intima (I), tunica media (M), tunica
adventitia (A), internal elastic lamina (arrow heads) and external
elastic lamina (arrows). Notice: the longitudinal arrangement of the
smooth muscle fibres of the tunica media. Methylene blue-azur II
stain, X400.

Fig.(16-18): Semithin sections of ischiatic arteries in chicken (16), duck (17)
and pigeon (18) showing: tunica intima (I), tunica media (M), tunica
adventitia (A), internal elastic lamina (arrow heads) and external
elastic lamina (arrows). Notice: the abundant elastic fibres in the duck
tunica media. In pigeon, the tunica media contains the lowest amount
of elastic fibres. Weigert’s elastic stain, X400
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Table (1): Thickness (um) of tunica intima, media and adventitia of axillary artery. (Mean=SF).

Bird Tunica intima Tunica media Tunica adventitia
Chicken 3.73+£03 97.50+2.6 7372435
Duck 235202 5994+ 1.7 53.68+23
Pigeon 288+0.2 7886 +£3.6 63.58+ 1.8

Table (2): Total diameter, wall thickness, luminal diameter(m) as well as the CSA (um?) of wall
and lumen of axillary artery. (Mean+SE).

Bird Total diameter | Wall thickness | Luminal diameter Wall CSA Lumina! CSA
Chicken 517.1£ 1.6 143.5£ 3.5 168.5+ 1.6 16995.3 23400.0
Duck 739.4+ 229 1159+ 53 508.2+ 5.1 203754.5 192275.4
Pigeon 1054.9424.7 12492+ 3.6 806.9+ 6.1 331465.0 4255847

Table (3): Thickness (um) of tunica intima, media and adventitia of the ischiatic artery. {(Mcan+SE).

Bird Tunica intima Tunica media Tunica adventitia
Chicken 50103 14731+ 64 99.94 4+ 2.6
Duck 202+0.1 98.63 +4.2 7343 +£21
Pigeon 2.56+02 73.144£3.0 68.904:27

Table (4): Total diameter,

and lumen of ischiatic artery. (Mean+SE),

wall thickness, luminal diameter (um) as well as the CSA (um?) of wall

Bird Total diameter Wall thickness | Luminal diameter | Wall CSA Luminal CSA
Chicken 1044 6+ 7.3 2523+ 64 5441+ 11.9 622359.9 231079.3
Duck 1156.4+25.7 174.1£ 4.2 806.2+ 19.2 520557.1 513514.6
Pigeon 674.1+ 6.2 106.71+ 4.1 461.8+3.3 205112.4 164324.7
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Fig (19): Wall thickness, luminal and total diameters {um) of the axillary artery
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Fig.(21): Thickness (um) of the tunica intima, tunica media and tunica adventj
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Fig.(23): Wall and luminal CSA (n2) of the ischiatic artery
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Fig (24): Thickness (um) of the tunica intima, tunica media and tunica
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