 The Vascular System—Structure and Function    
The Blood Vessels
Arteries, Veins, and Capillaries

The circulatory system connects the capillary bed, which serves the exchange of substances, with the heart through the arteries and veins. The function of the arteries and veins is strictly to channel the blood, not to exchange substances. Arteries and veins may be distinguished by the fact that pressure in the arteries is high and that in the veins is low.

The Structure of Arteries and Veins

Arteries and veins resemble each other in that their walls contain three coats. However, the vessels adapt to their different circulatory tasks by differing in the structure of these coats (Fig.16). The inner coat (vascular endothelium, tunica intima) consists of a single layer of endothelial cells applied to a thin connective tissue layer, the basement membrane. The middle coat (tunica media) contains primarily smooth muscle and elastic tissue fibers. The outer coat (tunica adventitia, adventitious coat) embeds the vessel in its surroundings and consists mainly of connective tissue. In addition, the arteries have an elastic, fenestrated membrane (membrana elastica interna) between the inner and middle coat. Usually another, thinner elastic membrane (membrana elastica externa) lies between the middle and the outer coat. Arteries are distinguished by an especially well developed muscle coat, which contains a varying amount of elastic fiber according to its site (predominantly elastic and muscular arteries). This layer is the driving force of the blood vessels (Fig. 17) by dilating (vasodilatation) and constricting (vasoconstriction) the diameter of the blood vessels, it regulates blood flow and blood pressure. The arteries near the heart contain a high proportion of elastic fibers and this creates elastic recoil (Fig.18a, b). The blood ejected during systole is partly stored by expansion of the arterial wall, and is then moved forward during diastole by elastic recoil, thus achieving a continuous blood flow. Veins in general have wider lumen and thinner walls than arteries. The three coats are less well defined and the muscular coat is less well developed. Most veins, with the exception of those close to the heart, contain venous valves (Fig. 17). These endothelial folds, projecting like pockets into the lumen of the vessel, act as one-way valves that guide the blood toward the heart and prevent backward flow.
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Structure of the Capillaries

In the smallest blood vessels, the capillaries coats are reduced to one, the tunica intima (Figs.16 and 17); this facilitates the exchange of fluids and gases. The exchange of substances basically occurs in both directions: from the blood through the endothelium and basement membrane into the surrounding tissue, and in the reverse direction.

Lymph Vessels

The lymphatic system runs parallel to the venous side of the circulation (Fig.5.25). It begins near the capillaries as “blind” lymphatic capillaries that reabsorb fluid that has not been taken up from the tissues by the blood vessels (lymphatic fluid [lymph], ca. 10% of the fluid filtered during substance exchange. Small and large lymph vessels then return the lymph to the venous blood).   

       The wall of the lymph vessels consists of an endothelium, and a thin layer of rhythmically contracting smooth muscle cells. Similarly to the situation in the veins, numerous valves further the transport of the lymph. The course of the lymph vessels is interrupted by lymph node stations, which represent a kind of biological filter and fulfill important functions in immune defense The lymph vessels coming from the legs and the abdomen join along the posterior wall of the upper abdomen to form the thoracic duct, which runs upward from there between the vertebral column and the aorta. It drains into the junction of the left subclavian and internal jugular veins (left venous angle), which also receives the lymphatic drainage from the chest, neck, head, and arm on the left side. The lymphatic ducts of the right side drain into the right venous angle (Figs. 19 and 24).
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Fig. 17 Structure of the blood vessels in each. Segment of the systemic circulation

                          a−d Arteries

                          e Capillary

                           f-i Veins

                           a Structure of the aortic wall  (elastic   artery)

                           b Large artery (muscular artery)

                           c Small artery

                           d Arteriole with 1 or 2 layers of smooth muscle cells

                           e Capillary wall consisting of only endothelium and a basement membrane

                           f Venule

                           g Small vein

                           h Large vein containing a valve

                           i Structure of the wall of a vena cava; elastic fibers confined to the muscle layer
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                             Fig.18a, b Elastic recoil of the aorta. During systole a portion of the stroke volume is

                              stored in the elastic wall of the aorta (a) to be moved forward in diastole (b).)

Systemic and Pulmonary Circulation

Functionally the circulatory system can be divide into two parts: 

greater (systemic) and lesser (pulmonary) circulation (Fig. 5.20)

           The deoxygenated (venous) blood from the lower and upper body travels through the great venous trunks to the right atrium and then through the right ventricle and the pulmonary artery to the lung (pulmonary circulation). The blood is enriched with oxygen (arterialized) in the lung and flows through the pulmonary veins back into the left atrium of the heart. From there it reaches the left ventricle, which pumps the blood by way of the aorta into the greater circulation (systemic circulation). The blood is distributed through the whole body in the larger and smaller arteries (distributing function) and eventually reaches the terminal vessels, the capillaries. After exchanging substances and gases in the tissues, the blood returns to the heart through the venous part of the systemic circulation.

         Of special significance in the systemic circulation is the portal system in this circulation, two capillary beds are linked serially. The blood supplying the gastrointestinal tract and the spleen is collected together with the nutrients taken up by the mucosa of the small intestine in a first capillary bed. (Membrane of the Small Bowel) and brought by the portal vein to a capillary bed in the liver. Here, among other processes, carbohydrates are stored in the form of glycogen, fats are metabolized and broken down, and detoxification (e. g., of medications) takes place. The blood then continues its path through the hepatic veins into the inferior vena cava.

       The nutrients remaining in the blood now pass through the lungs, where the blood is enriched with oxygen, and then reach the systemic capillaries (site of substance exchange). From there they reach the tissue cells, where, together with oxygen, they are used for metabolic processes.
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                                     Fig. 19 Junctions of the great lymphatic trunks into the venous system
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