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Blood vessels in the human body

By Andrew McGovern
Blood vessels are not uniform in their structure. Using specific examples, explain how the structure of different vessels are adapted to their function in the body.
The blood vessels and the heart together comprise the cardiovascular system which maintains a constant flow of blood around the body (Page, 2002). The principal functions of blood vessels are to supply the tissues of the body with oxygen and nutrients and to remove of waste products. The circulatory system is also involved in communication via hormones, temperature control and in transport of cells such as those of the immune system (Young and Heath, 2000).
All the vessels of the circulatory system have the same basic three layered structure. The innermost layer is termed the tunica intima. It is comprised of a single layer of flattened cells, the endothelium, and a supporting layer of collagenous tissue, the basement membrane. The middle layer is termed the tunica media, this is the most variable of the three layers. The outermost layer is comprised of supporting tissue and is termed the tunica adventitia (Young and Heath, 2000). These layers vary in composition and size to suit the function of each vessel of the circulatory system.
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The arterial tree distributes blood from the heart to the capillary beds all through the body. There is a gradation in structure and function of the arteries as they travel away from the heart. This arterial vasculature is anatomically classified into three types of vessel; the major distribution vessels are described as elastic arteries, the branches of these are the muscular arteries which branch again into the tiny arterioles. Some examples of elastic and muscular arteries are shown in figure 1. 
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The largest example of an elastic artery is the aorta which receives the cardiac output from the left ventricle. The tunica intima of the aorta consists of a simple squamous epithelial lining supported by a layer of connective tissue which is rich in [image: image5.jpg]


elastic fibres (Young and Heath, 2000, Carpenter, 1968). The tunica media is the thickest layer of the wall of the aorta. It contains a large amount of elastin arranged in concentric fenestrated sheets and a significant abundance of smooth muscle cells (Reith and Ross, 1965). These smooth muscles cells are arranged in a closely wound spiral (Reith and Ross, 1965). Due to the width of the tunica media, the aorta (like other large vessels of the body) cannot supply the tissues of its outer walls by diffusion of nutrients from its lumen (Young and Heath, 2000). The tunica adventitia, therefore, is supplied by a number of small blood vessels termed vasa vasorum. Some of these extend into the outer layers of the tunica media of the aorta (Young and Heath, 2000). These layers of the aorta are shown in figure 2. The other elastic arteries in the human body are the brachiocephalic and subclavian arteries and the beginning of the common carotid and pulmonary arteries (Reith and Ross, 1965).

The heart produces a highly pulsatile flow of blood which is reduced by the arterial tree to an almost smooth, continuous flow by the time the blood reaches the capillaries, as shown in figure 3 (Guyton and Hall, 2000). The large amount of elastic tissue in the tunica media and intima of the aorta (and other elastic arteries) allows it to distend during cardiac systole and then recoil during diastole minimising the pressure change (Moore and Dalley, 2006). 
Moving distally along the arm the elastic subclavian artery becomes the brachial artery, a muscular artery. In muscular arteries the elastic tissue is reduced to two thin, fenestrated sheets termed the internal elastic lamina, which lies between the tunica intima and media and the external elastic lamina which lies between the tunica media and adventitia. This can be seen in figure 4. The tunica intima is highly folded to allow expansion of the vessels during cardiac systole (Reith and Ross, 1965). The tunica [image: image6.jpg]


media is now mainly composed of smooth muscle, again arranged circumferentially (Young and Heath, 2000). This muscle contracts rhythmically, con-stricting the lumen of the artery and propelling the blood onwards (Guyton and Hall, 2000). The layer of smooth muscle also enables the body to regulate the blood supply to organs. For example adrenaline stimulates β-adrenoceptors causing relaxation of smooth muscle and vasodilatation in some arteries, especially arteries in skeletal muscle, and stimulates α-adrenoceptors causing contraction and vasoconstriction of most other arteries (Rang et al., 2003). Most of the other named arteries in the body are muscular arteries (Moore and Dalley, 2006).
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As the arterial tree branches into the tissues of the body the lumina are further reduced in size. Arterioles are defined as arterial vessels with a lumen diameter smaller than 0.3 mm (Young and Heath, 2000). Arterioles are very similar in structure to muscular arteries (see figure 5), the tunica intima is composed of a simple squamous epithelial lining and a small amount of collagenous supporting tissue. Arterioles larger than 62 μm in diameter have an internal elastic lamina (Carpenter, 1968). The tunica media is formed of six or less concentric layers of smooth muscle cells (Young and Heath, 2000). There is no external elastic membrane in arterioles. As with muscular arteries, contraction of the smooth muscle in the tunica intima reduces the diameter of the lumen and reduces blood flow. Constriction or dilation of arterioles throughout the body alters the resistance to blood flow and thereby provides a mechanism for the regulation of systemic blood pressure (Young and Heath, 2000).
Capillaries are the smallest and most numerous of all the blood vessels. They are arranged in networks (capillary beds) which connect the arterioles and venules. At the point where capillaries branch from the arterioles they are encircled by precapillary sphincters (Bailey, 2006). These precapillary sphincters provide a mechanism to control the capillary pressure and flow rate and hence control the [image: image8.jpg]


amount of fluid lost to the tissues and the duration exchange of metabolites and nutrients (Harris and Longnecker, 1971). Capillaries are the vessels where exchange occurs between the blood and interstitial fluid of nutrients and cellular waste products (Moore and Dalley, 2006). This exchange is driven by diffusion, therefore the capillary walls need to be extremely thin for rapid exchange to occur (see figure 6). For this reason capillary walls consist only of a simple squamous epithelial lining which is around 1 μm thick (Fagan, 2002, Moore and Dalley, 2006).
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The purpose of the venous system is to drain blood from the capillary beds and return it to the heart. The blood pressure in veins is much lower than that of arteries. This means that the walls of veins are relatively thin compared to the size of the lumen. Like arteries, veins are classified into three groups depending of the size and structure of the vein. The smallest are venules which drain into medium-sized veins which, in turn, drain into the large veins that return blood to the heart. Several capillaries combine to form postcapillary venules. These have very thin walls consisting of a simple squamous epithelial lining. This simple squamous epithelium provides a low friction surface on the inner side of the vessel. This is particularly important in the venous system as it has no central pumping mechanism but relies mainly on the compression of vessels by skeletal muscle to aid venous return. Several postcapillary venules unite to form collecting venules which then drain into muscular venules (Young and Heath, 2000).  Muscular venules have a thin tunica media composed of one or two layers of smooth muscle cells. Blood flow in venules is very slow.
As the vessels increase in size, to medium-sized veins, the size of the lumen increases, as does the amount of smooth muscle in the tunica media. A thin internal elastic lamina also appears in these veins (Young and Heath, 2000).  In figure 7 it can be seen that the lumen of a vein has a wide diameter compared to the width of the venous wall. The thin vessel walls and thin internal elastic lamina gives veins the capacity to expand. This allows veins to contain a large volume of blood, typically 80% of the total blood volume (Moore and Dalley, 2006). In the event of blood loss or dilation of capillary beds the veins are able to compensate accordingly through contraction of the smooth muscle in the tunica media, hence reducing the venous blood volume (Young and Heath, 2000). As venous return is aided by compression of the veins during smooth muscle contractions a method of preventing backflow of blood is required. This problem is solved by the presence of valves at intervals along the length of particular veins. Valves are specialised projections of the tunica intima, into the lumen of the vein, which are formed of fibroelastic tissue covered by an epithelial layer (Young and Heath, 2000). 
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Finally the blood is returned to the heart via the large veins such as the femoral vein. The tunica media of the femoral artery is a comparatively thick layer of smooth muscle with occasional elastic fibres. The tunica adventitia contains a large number of vasa vasorum which supply the cells of the venous wall (Young and Heath, 2000). The femoral artery has to return blood to the heart against the pull of gravity and as a result it has a large number of valves along its length. Figure 8 shows how the femoral vein accompanies the femoral artery at its proximal end. This is a common arrangement in the body and exists to serve two purposes; It allows heat exchange to occur between the two vessels, the blood returning from the cooler extremity is warmed before passing into the trunk. As the arterial pressure is much greater than the venous pressure  the pulsatile expansions of the artery rhythmically compress the vein aiding venous return. Many of the other veins of the limbs exist as two or more smaller veins wrapped around their accompanying artery, these veins are termed venae comitantes (Moore and Dalley, 2006).
There are also several types of vessels in the body which perform very specialised functions and have specialised structures to match these functions. A common example is the fenestrated capillary which has pores in the epithelial layer allowing the exchange of macromolecules and more extensive exchange than the continuous endothelium type. The pores or fenestrations, shown in figure 9, vary in size from 50-80 nm in diameter and are usually closed by a permeable diaphragm 4-6 nm thick (Gartner and Hiatt, 2005, Krstić, 1991). Fenestrated capillaries are found in tissues where a greater level of molecular exchange is required such as in the kidney, endocrine glands and small intestine (Krstić, 1991, Young and Heath, 2000).
Throttle or cushion veins are another type of specialised vessel which have strong encircling muscle strands capable of adjusting capillary flow. They are found in the nasal respiratory mucosa, endocrine glands and nasal mucosa (Kahle et al., 1992, Cauna and Cauna, 1975). The venae cavae are also specialised in that they have layers of longitudinally arranged smooth muscle. This muscle may allow for length changes caused by respiration (Young and Heath, 2000). Blocking arteries also have some longitudinally arranged muscle-like fibres in the tunica intima which buckle the tunica intima into the lumen restricting blood flow. These are found in the umbilical cord, endocrine organs, fingers and other locations (Kahle et al., 1992).
In summary the three layers; tunica intima, tunica media and tunica adventitia can be found in all blood vessels (with the exception of capillaries) but the structure and function of each layer is greatly varied. In veins the tunica intima forms valves preventing reverse flow of blood. The tunica media is a relatively thin layer of smooth muscle which helps to regulate the distribution of blood volume between the veins and arteries (typically 80% of the blood is contained in veins). The tunica adventitia contains vasa vasorum in large veins. In arteries the tunica intima is highly folded to allow expansion of the vessels during cardiac systole. The tunica media is thick and elastic in elastic arteries or muscular in muscular arteries and arterioles. This smoothes out the pulsatile output of the heart delivering a smooth flow of blood to the capillaries. The smooth muscle regulates blood flow to organs and tissues. The tunica adventitia contains vasa vasorum in elastic arteries and larger muscular arteries. Capillaries have a single thin layer of epithelial cells which facilitates the exchange of nutrients and waste products between the blood plasma and interstitial fluid. Some capillaries are fenestrated which aids this exchange and allows the exchange of macromolecules.
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Figure 8. The femoral triangle showing the femoral vein. The femoral vein (largest blue vessel running vertically) accompanies the femoral artery at its proximal end allowing heat exchange to occur and compression of the vein by arterial pulsations aiding venous return. The femoral vein is also surrounded by muscles, which also cause compressions that aid venous return.  Figure excerpted from Grey and Lewis (1918).
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Figure 2. The wall of the aorta. The elastic fibres of the tunica intima and media are stained black. Figure excerpted from Freeman and Bracegirdle (1966).
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Figure 1. The arteries of the thorax. The aorta, bra-chiocephalic, common carotid and subclavian arteries are elastic (or conducting) arteries. They have large lumina and very thick vessel walls. The bronchial and intercostal arteries are muscular (or distributing) arteries. They are much smaller in diameter than the elastic arteries. Figure taken from Netter (2006).
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Figure 3. The damping of the pulse pressure contour as the pressure wave travels away from the heart. Notice that all three types of artery, elastic, muscular and arterioles cause damping. Figure excepted from Moore and Dalley (2006).





Figure 9. An electron micrograph , freeze fracture of fenestrated capillary wall (hamster). A large number of fenestrations (F) can be seen here. The two arrows indicate the gap between two cells of the epithelium. Pore diameters are less variable in humans than those shown here. Figure excerpted from Gartner and Hiatt (2005).





Figure 4. The wall of a muscular artery. The internal elastic lamina (IEL) and external elastic lamina (EEL) are stained red. The tunica media (M) is composed of  thick layer of smooth muscle stained yellow and the tunica adventitia (A) of collagen and elastin. The tunic intima is very thin and difficult to discern. Figure excerpted from Young and Heath (2000).





Figure 5. Some small blood vessels including an arteriole indicated by the pointer. The nuclei of the epithelial cells (E) can be seen lining the lumen of the arteriole. The tunica media (M) is composed of three or four concentric rings of smooth muscle cells. Figure taken from Soule (1999).
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Figure 6. A capillary. The simple squamous epithelial lining of the capillary wall is stained red with  the cell nuclei stained red. Notice that the lumen of this capillary is just wide enough to a single erythrocyte to pass at a time. Figure taken from Soule (1999). 





Figure 7. A medium-sized vein. The tunica media is composed of a few layers of smooth muscle. The tunica adventitia is the thickest layer of the vessel wall. The lumen is much larger than the lumen of a similarly sized artery. Figure excepted from Young and Heath (2000).
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