
Blood Vessels and Hemodynamics 

Blood Vessels 

Blood vessels of the body form a closed delivery system that begins and ends at the heart. 

Blood Vessel Structure and Function 

The three major types of blood vessels are arteries, capillaries, and veins. Arterioles are the smallest branches of arteries; venules are the smallest veins. Arteries carry blood away from the heart, veins carry blood toward the heart and only capillaries directly serve cells. In the systemic circulation, arteries carry oxygenated blood and veins carry oxygen-poor blood; this is vice versa for the pulmonary circulation. 

Structure of Blood Vessel Walls 

 The walls of all blood vessels, except the very smallest, have three distinct layers (tunics) that surround a central blood-containing space called the vessel lumen. The innermost tunic is the tunica intima. The tunica intima contains the endothelium that lines the lumen of all vessels, forming a slick surface that minimizes friction. In vessels larger the 1mm a subendothelial layer supports the endothelium. The tunica media is mostly circularly arranged smooth muscle cells and sheets of elastin; it bears chief responsibility for maintaining blood pressure and circulation. Depending on the bodies needs at any given moment, regulation causes either vasoconstriction (diameter decreases, contracted smooth muscle) or vasodilation (diameter increases, relaxed smooth muscle). The tunica externa (or adventitia) is composed largely of loose collagen fibers that protect and reinforce the vessel, and anchor its surround structures. In larger vessels the tunica externa contains tiny blood vessels, the vasa vasorum, that nourish the more external tissues of the blood vessel wall. 
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Arterial System 

Arteries can be divided into three groups: 

1. Elastic arteries: are the thick-walled arteries, largest in diameter near the heart.Their large lumens make them low resistance pathways. Elastic arteries contain more elastin then any other vessel type. Although elastic arteries also contain a lot of smooth muscle, they are relatively inactive in vasoconstriction.They expand and recoil as the heart pumps blood; which helps them maintain pressure and flow of blood. 
2. Muscular arteries: deliver blood to specific body organs. Proportionately, muscular arteries have the thickest tunica media of all vessels. They are more active in vasoconstriction and less distensible (capable of stretching). There is an elastic membrane on each face of the tunica media. 
3. Arterioles: is the smallest of the arteries. Arterioles diameter determines which capillary bed is flushed with blood flow, which varies in response to changing neural, hormonal, and local chemical influences. 
Capillaries 

Are the smallest blood vessels.  Their thin wall consist of just a thin tunica intima. Along the surface of some capillaries are pericytes, smooth muscle-like cells that stabilize the capillary wall and help control permeability. The diameter of a capillary is just large enough for one red blood cell to slip through in single file. Capillaries role is for exchange of materials (gases, nutrients, hormones) between the blood and the interstitial fluid. 

Types of Capillaries 

There are three types of capillaries:

1. Continuous Capillaries: abundant in the skin and muscles. Their endothelial cells are joined together by tight junctions, providing an uninterrupted lining. However they leave gaps of unjoined membrane called intercellular clefts, which are just large enough to allow limited passage of fluids and small solutes. 
2. Fenestrated Capillaries: the endothelial cells are riddled with oval pores or fenestrations. A delicate membrane usually covers the fenestrations. Fenestrated capillaries are found wherever active capillary absorption or filtrate formation occurs. 
3. Sinusoid Capillaries: are highly modified, leaky capillaries found only in the liver, bone marrow, spleen, and adrenal medulla. The have large, irregular lumens and are usually fenestrated. Their endothelial lining has fewer tight junctions and have large intercellular clefts for passage of proteins and red blood cells. 
Capillary Beds 

Capillaries form interweaving networks called capillary beds. The flow of blood through a capillary bed is called microcirculation. A capillary bed consists of two types of vessels: (1) a vascular shunt, a short vessel that directly connects the arteriole and venule at opposite ends of the bed, and (2) true capillaries, the actual gas exchange vessels. A cuff of smooth muscle fibers, called a precapillary sphincter, surrounds the root of each true capillary at the metarteriole and acts as a valve to regulate blood flow into the capillary.
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Venous System 

The diameter of venous vessels increase along the route to the heart, and their walls thicken as the progress from venules to larger veins. 

Venules 

Capillaries unite to form venules.The smallest venules, postcapillary venules, consist entirely of endothelium and are extremely porous. Larger venules have one or two layers of smooth muscle cells and a thin tunica externa. 

Veins 

Venules join to form veins. Veins usually have three distinct tunics, but their walls are thinner and lumens larger. There is relatively little elastin and smooth muscle in the tunica media. The tunica externa is the heaviest wall layer. Veins can accommodate fairly large blood volume. Veins are called capacitance vessels or blood reservoirs because they can hold up to 65% of blood at any given time. The blood pressure in veins is low. Two structural adaptations of veins that promote blood return are (1) their large diameter lumens offer little resistance to blood flow and (2) venous valves, formed from folds of the tunica intima, prevent blood from flowing backward. 

Blood Flow 

Is the volume of blood flowing through a vessel, an organ, or the entire circulation in a given period. Blood flow through individual body organs may vary widely according to their immediate needs. 

Blood Pressure 

The force per unit area exerted on a vessel wall by the contained blood (mm Hg). Blood pressure refers to the systemic arterial blood pressure in the largest arteries near the heart. The pressure gradient provides the driving force that keeps blood moving. 

Resistance 

Is opposition to flow and is a measure of the amount of friction blood encounters as it passes through the vessels. There and three important sources of resistance:

1. Blood Viscosity: the internal resistance to flow that exists in all fluids and is related to the thickness of a fluid. 
2. Total Blood Vessel Length: the longer the vessel, the greater the resistance. 
3. Blood Vessel Diameter: the smaller the tube, the greater the friction, because relatively more of the fluid contacts the tube wall, where its movement is impeded. Resistance varies inversely with the fourth power of the vessel radius. 
Arterial Blood Pressure 

Arterial blood pressure reflects two factors (1) how much the elastic arteries close to the heart can stretch and (2) the volume of blood forced into them at any time. Blood pressure is pulsatile (rises and falls in a regular fashion) in the elastic arteries near the heart. Systolic pressure is generated by ventricular contraction into the aorta and averages 120 mm Hg in healthy adults. Diastolic pressure is when the aortic valve closes and aortic pressure is at its lowest level and averages 80 mm Hg in healthy adults. The difference between systolic and diastolic pressure i[image: image1][image: image23.jpg]Tunica intima
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s called the pulse pressure. The mean arterial pressure (MAP) is the pressure that propels the blood to the tissues. 

Capillary Blood Pressure 

By the time blood reaches the capillaries, blood pressure has dropped to 35 mm Hg and by the end of the capillary beds is around 17 mm Hg.  Such low capillary pressures are desirable because (1) capillaries are fragile and (2) most capillaries are extremely permeable and thus even low capillary pressure can force solute containing fluids out of the bloodstream into the interstitial space. 

Venous Blood Pressure 

Is steady and changes very little during the cardiac cycle. The pressure gradient is only about 15 mm Hg. Three functional adaptations are critically important to venous return: 

1. The Muscular Pump: consists of skeletal muscle activity. As the skeletal muscles surrounding the veins contract and relax, they push blood toward the heart. 
2. The Respiratory Pump: moves blood up toward the heart as pressure changes in the ventral body cavity during breathing. 
3. Sympathetic Venoconstriction: reduces the volume of blood in the veins. As the layer of smooth muscle around the veins constricts, venous volume is reduced and blood is pushed toward the heart. 
Maintaining Blood Pressure 

Adequate blood flow requires the cooperation of the heart, blood vessels, and kidneys-all supervised by the brain. The main factors of the homeostatic mechanisms influencing blood pressure are: cardiac output, peripheral resistance, and blood volume.  Changes in one variable that threaten blood pressure homeostasis are quickly compensated for by changes in the other variables. Short term regulation by the nervous system and bloodborne hormones alters blood pressure by changing peripheral resistance and CO. Long term regulation alters blood volume via the kidneys. 

Short Term Regulation 

Neural controls of peripheral resistance are directed at two main goals: 

1. Maintaining adequate MAP by altering blood vessel diameter on a moment-to-moment basis. 
2. Altering blood distribution to respond to specific demands of various organs. 
Role of the Cardiovascular Center 

The cardiovascular center consists of the cardiac centers and the vasomotor center that controls the diameter of blood vessels. The vasomotor center transmits impulses along sympathetic efferents called vasomotor fibers. The vasomotor fibers innervate the smooth muscle of blood vessels and are almost always in a state of moderate constriction, called vasomotor tone. Cardiovascular center activity is modified by: 

(1) Baroreceptors: pressure sensitive mechanoreceptors that respond to changes in arterial pressure and stretch. These stretch receptors are located in the carotid sinuses, in the aortic arch, and in the walls of nearly every large artery of the neck and thorax. They protect against short term changes in blood pressure. 
(2) Chemoreceptors: receptors that respond to changers in blood levels of carbon dioxide, hydrogen and oxygen. They are in the aortic arch and large arteries of the neck. 
(3) Higher brain centers: reflexes that regulate blood pressure are in the medulla oblongata of the brain stem. The cerebral cortex and hypothalamus can modify arterial pressure via relays to the medullary centers. 
Short Term Regulation: Hormonal Controls 

· Adrenal medulla hormones: during periods of stress epinephrine and norepinephrine are released to the blood. They enhance the sympathetic response by increasing cardiac output and promoting generalized vasoconstriction. 
· Angiotensin ||: renin released by the kidneys acts as an enzyme generating angiotensin ||, which stimulates vasoconstriction. 
· Atrial natriuretic peptide: is produced by the atria which leads to the reduction in blood volume and blood pressure. 
· Antidiuretic hormone: produced by the hypothalamus stimulates the kidneys to conserve water. This helps to restore arterial pressure by causing intense vasoconstriction. 
Long Term Regulation: Renal Mechanisms 

Long term controls alter blood volume. The kidneys restore and maintain blood pressure homeostasis by regulating blood volume. Renal mechanisms usually keep blood volume at 5L. Increases in blood volume that raise blood pressure also stimulate the kidneys to eliminate water, which reduces blood volume and consequently blood pressure. Falling blood volume triggers renal mechanisms that increase blood volume and blood pressure. 

Direct Renal Mechanism 

Alters blood volume independently of hormones. When either blood volume or blood pressure rises, the rate at which fluid filters from the bloodstream into the kidney speeds up. The kidneys cannot reabsorb the filtrate rapidly enough and more of it leaves the body in urine; as a result blood volume or pressure falls. When either is low, water is conserved and returned to the bloodstream and blood pressure rises. 

Indirect Renal Mechanism 

The kidneys also regulate indirectly via the renin-angiotensin-aldosterone mechanism. When arterial blood pressure declines the kidneys release renin into the blood. Renin converts angiotensinogen into angiotensin |. In turn, angiotensin converting enzyme converts angiotensin | into angiotensin ||; which acts in four ways to stabilize arterial blood pressure and extracellular fluid:

1. It stimulates the adrenal cortex to secrete aldosterone, a hormone that enhances renal reabsorption of sodium. 
2. It prods the posterior pituitary to release ADH, which promotes more water reabsorption by the kidneys. 
3. It triggers the sensation of thirst by activating the hypothalamic thirst centers. 
4. It is a potent vasoconstrictor, increasing blood pressure by increasing peripheral resistance. 
Clinical Monitoring of Circulatory Efficiency 

Pulse, blood pressure, respiratory rate and body temperature, are referred to collectively as the body’s vital signs. 

Taking a Pulse 

The alternating expansion and recoil of arteries during each cardiac cycle allow us to feel a pressure wave-a pulse-that is transmitted through the arterial tree. You can feel a pulse in any artery that lies close to the body surface by compressing the artery against firm tissue. The radial pulse, is routinely used to take a pulse measurement. These pulse points are also called pressure points because they are compressed to stop blood flow into distal tissues during hemorrhage. 
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Measuring Blood Pressure 

Measure of systemic arterial blood pressure can indirectly be taken by the brachial artery of the arm by the auscultatory method:

1. Wrap the blood pressure cuff or sphygmomanometer snugly around the person’s arm just superior to the elbow. 
2. Inflate the cuff until the cuff pressure exceeds systolic pressure. At this point, blood flow into the arm stops and a brachial pulse cannot be felt or heard. 
3. Reduce the cuff pressure gradually and listen with a stethoscope for sounds in the brachial artery. 
The pressure read when the first soft tapping sounds are heard is systolic pressure. The pressure at which the sounds disappear is the diastolic pressure. 

Hypertension 

Chronically elevated blood pressure is called hypertension and is characterized by a sustained increase in either systolic pressure (above 140 mm Hg) or diastolic pressure (above 90 mm Hg). Prehypertension is if someones blood pressure values are elevated but not yet in the hypertension range. Primary hypertension is for which no underlying cause can be identified. This is because primary hypertension is due to a rich interplay between your genes and a variety of environmental factors (hereditary, diet, obesity, age, diabetes mellitus, stress, and smoking). It cannot be cured but can be controlled in most cases. Secondary hypertension is due to identifiable conditions (obstructed renal arteries, kidney disease, and endocrine disorders). Treatment for secondary hypertension focuses on correcting the problem that caused it. 

Hypotension 

Hypotension, or low blood pressure (below 90/60 mm Hg), simply reflects individual variations and is no cause for concern. It is only a concern if it leads to inadequate blood flow of tissues. Acute hypotension is one of the most important signs of circulatory shock. Orthostatic hypotension is a temporary drop in blood pressure resulting in dizziness when a person rises suddenly from a reclining or sitting position. Chronic hypotension is a sign of a serious underlying condition (Addison’s disease, hypothyroidism, or severe malnutrition). 

Blood Flow through Body Tissues: Tissue Perfusion 

Tissue perfusion is involved in (1) delivering oxygen and nutrients to tissue cells and removing wastes from them (2) exchanging gases in the lungs (3) absorbing nutrients from the digestive tract and (4) forming urine in the kidneys. 

Velocity of Blood Flow 

Velocity is inversely related to cross-sectional area. The speed of blood flow changes as blood travels through the systemic circulation. It is fastest in the aorta and other larger arteries, slowest in capillaries, and then picks up speed again in the veins. Blood flows fastest where the total cross-sectional area is least. As the arterial system branches, the total cross-sectional area of the vascular bed increases, and the velocity of blood flow declines proportionately. 

Autoregulation: Local Regulation of Blood Flow 

Autoregulation is the automatic adjustment of blood flow to each tissue in proportion to the tissues requirements at any instant. Local conditions regulate this process independent of control by nerves or hormones. Changes in blood flow through individual organs are controlled intrinsically by modifying the diameter of local arterioles feeding capillaries. In summary, organs regulate their own blood flows by varying the resistance of their arterioles. These intrinsic control mechanisms may be classed as 

1. Metabolic (chemical) controls: when blood flow is too low, oxygen levels decline and metabolic products accumulate. These changes serve as autoregulation stimuli that lead to automatic increases in tissue blood flow. The metabolic factors that regulate blood flow are low oxygen levels, and increases in hydrogen, potassium, adenosine, and prostaglandins. Some act directly to relax vascular smooth muscle and some act by causing vascular endothelial cells to release nitric oxide (vasodilator). The net result of metabolically controlled autoregulation is immediate vasodilation of the arterioles serving the capillary beds of the needy tissues and dilation of their precapillary sphincters. 
2. Myogenic (physical) controls: Inadequate blood perfusion through an organ is quickly followed by a decline in the organ’s metabolic rate and if prolonged, organ death. Excessively high arterial pressure and tissue perfusion can be dangerous because the combination may rupture more fragile blood vessels. Vascular smooth muscle prevents these problems by responding directly to passive stretch with increased tone, which resists the stretch and causes vasoconstriction. Reduced stretch promotes vasodilation and increases blood flow into the tissue. 
Long Term Autoregulation 

If a tissue needs more nutrients a long-term autoregulatory mechanism may develop. The number of blood vessels in the region increases, and existing vessels enlarger. 

Blood Flow Through Capillaries and Capillary Dynamics

Blood flow through capillary networks is slow and intermittent; due to vasomotion, the on/off opening and closing of precapillary sphincters in response to local autoregulatory controls. 

Capillary Exchange of Respiratory Gases and Nutrients 

Oxygen, carbon dioxide, most nutrients, and metabolic waste pass between the blood and interstitial fluid by diffusion (net movement always occurs along a concentration gradient, higher to lower). There are four different routes across capillaries for different types of molecules. (1) Lipid soluble molecules diffuse through the lipid bilayer of the endothelial cell plasma membranes. Small water soluble solutes pass through (2) fluid filled intercellular capillary cleft or (3) fenestrations. (4) Some larger molecules are actively transported in pinocytotic vesicles or caveolae. 

Fluid Movement: Bulk Flow 

Fluid is forced out of the capillaries through the clefts at the arterial end of the bed, but most of it returns to the bloodstream at the venous end. Bulk flow is extremely important in determining the relative fluid volumes in the bloodstream and the interstitial space. The direction and amount of flow across capillary walls reflect the balance between two dynamic and opposing forces: 

1. Hydrostatic Pressures: is the force exerted by fluid pressing against a wall. Capillary hydrostatic pressure tends to force fluids through capillary walls leaving behind cells and most proteins. 
2. Colloid Osmotic pressures: the force opposing hydrostatic pressure, is created by large nondiffusible molecules that are unable to cross the capillary wall. Such molecules draw water toward themselves, encouraging osmosis. 
“Hydrostatic pressure pushes and osmotic pressure pulls (sucks)”

The net filtration pressure considers all the forces acting at the capillary bed. Net fluid flow is out of the circulation at the arterial ends of capillary beds and into the circulation at the venous end. However, more fluid enters the tissue space than returns to the blood, resulting in a net loss of fluid from the circulation of about 1.5 ml/min. Lymphatic vessels pick up this fluid and any leaked proteins and return it to the vascular system. 

The Lymphatic System 

The lymphatic system returns fluids that have leaked from the blood vascular system back to the blood. It consists of three parts:

1. Network of lymphatic vessels 
2. Lymph, the fluid contained in those vessels 
3. Lymph nodes that cleanse the lymph as it passes through them 
The lymphoid organs and tissues provide the structural basis of the immune system. These structures include the spleen, thymus, tonsils, and other lymphoid tissues. 

The leaked fluid in the interstitial space of the capillaries and any plasma proteins that escape from the bloodstream must be returned to the blood to ensure that the cardiovascular system has sufficient blood volume to operate properly. This is resolved by the lymphatic vessels, or lymphatics, elaborate networks of drainage vessels that collect the excess protein-containing interstitial fluid and returns it to the bloodstream. Once interstitial fluid enters the lymphatic vessels, it is called lymph. The lymphatic vessels form a one-way system in which lymph flows only toward the heart. 

Lymphatic Capillaries 

The transport of lymph begins in the lymphatic capillaries. These capillaries weave between the tissue cells and blood capillaries in the loose connective tissues. They are absent from bones, teeth, bone marrow, the central nervous system. When fluid pressure in the interstitial pace is greater than the pressure in the lymphatic capillary, their minivalve flaps open, allowing fluid to enter the lymphatic capillary. When the pressure is greater inside the lymphatic capillary, it forces the endothelial minivalve shut, preventing lymph from leaking back out as the pressure moves it along the vessel. A special set of lymphatic capillaries called lacteals transport absorbed fat from the small intestine to the bloodstream. 

Larger Lymphatic Vessels 

From the lymphatic capillaries, lymph flows through collecting vessels, then trunks and finally to the ducts. The collecting lymphatic vessels have the same three tunics as veins. Lymphatics in the skin travel along with superficial veins, while lymphatic vessels of the trunk and digestive viscera travel with the arteries. The largest collecting vessels form lymphatic trunks, which drain large areas of the body. The major trunks are the lumbar, bronchomediastinal, subclavian, jugular trunks and intestinal trunk. 

Lymph is eventually delivered to one of two large ducts in the thoracic region. The right lymphatic duct drains lymph from the right upper limb and the right side of the head and thorax. The thoracic duct receives lymph from the rest of the body. It arises anterior to the first two lumbar vertebrae as an enlarged sac, the cisterna chyli, that collects lymph from the two large lumbar trunks and from the intestinal trunk. Each terminal duct empties its lymph into the venous circulation at the junction of the internal jugular vein and subclavian vein on its own side of the body. 
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Lymph Transport 

The lymphatic system has no pump. It has same return aids as veins: skeletal muscles, respiratory pressure changes, and valves to prevent back flow. Also rhythmic contractions of smooth muscle in walls of lymphatic trunks and ducts. 

Lymphoid Cells 

The lymphoid cells consist of immune system cells found in lymphoid tissues together with the supporting cells that form that form the scaffolding of those tissues. Lymphocytes arise in bone marrow and are the main warriors of the immune s[image: image25.png]Terminal © < Postcapillary
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ystem. They then mature into either T cells (T lymphocytes) or B cells (B lymphocytes) that protect the body against antigens. Activated T cells manage the immune response, and some of them directly attack and destroy infected cells. B cells protect the body by producing plasma cells, that secrete antibodies into the blood. Antibodies mark antigens for destruction. Macrophages phagocytize foreign substances and helps to activate T cells. Dendritic cells capture antigens and bring them back to the lymph nodes. Reticular cells, fibroblast like cells that produce the reticular fiber stroma, which is the network that supports the other cell types in lymphoid organs and tissues. 

Lymphoid Tissue 

Lymphoid tissue is an important component of the immune system because it (1) houses and provides a proliferation site for lymphocytes and (2) furnishes an ideal surveillance vantage point for lymphocytes and macrophages. Lymphoid tissue is largely composed of a type of loose connective tissue called reticular connective tissue. The cycling of lymphocytes between the circulatory vessels, lymphoid tissues, and loose connective tissues of the body ensures the lymphocytes reach infected or damaged sites quickly. Lymphoid tissue comes in various packages: 

1. Diffuse lymphoid tissue: a loose arrangement of lymphoid cells and some reticular fibers. 
2. Lymphoid follicles (lymphoid nodules): are solid, spherical bodies consisting of tightly packed lymphoid cells and reticular fibers. 
Lymph Nodes 

Lymph nodes cluster along the lymphatic vessels of the body embedded in connective tissue. Lymph nodes have two basic functions:

1. Filtration: as lymph is transported back to the bloodstream, the lymph nodes act a lymph filters. 
2. Immune System Activation: lymph nodes are strategically located sites where lymphocytes encounter antigens and are activated to mount an attack against them. 
Structure of a Lymph Node 

Each lymph node is surrounded by a dense fibrous capsule from which connective tissue strands called trabeculae extend inward to divide the node into a number of compartments. A lymph node has two histologically distinct regions, the cortex and the medulla. The superficial part of the cortex contains densely packed follicles, many with germinal centers heavy with dividing B cells. Medullary cords are thin inward extensions from the cortical lymphoid tissue. Throughout the node are lymph sinuses, large lymph capillaries spanned by crisscrossing reticular fibers. 

Circulation in the Lymph Nodes 

Lymph enters the convex side of a lymph node through a number of afferent lymphatic vessels. It then moves through the subcapsular sinus, into a number of smaller sinuses that cut through the cortex and into the medulla. The lymph meanders through these medullary sinuses and exits the node at its hilum, the indented region on the concave side, via efferent lymphatic vessels. There are fewer efferent vessels draining the node than afferent vessels feeding it, so the flow of lymph through the node  stagnates allowing time for the lymphocytes and macrophages to carry out their protective functions. 
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Other Lymphoid Organs 

Other lymphoid organs are the spleen, thymus, tonsils, and Peyer’s patches (aggregated lymphoid nodules) of the small intestine. Except for the thymus, all are composed of reticular connective tissue. These lymphoid organs typically have efferent lymphatics draining them, but lack afferent lymphatics. 

Spleen 

The blood-rich spleen is the largest lymphoid organ. It is served by the large splenic artery and vein, which enter and exit the hilum on its slightly concave anterior surface. The spleen provides a site for lymphocyte proliferation and immune surveillance and response. The spleen also functions as blood-cleansing. It extracts aged blood cells and platelets from the blood, and its macrophages remove debris and foreign matter from blood. The spleen also performs three addition functions: 

1. Stores some of the breakdown products of red blood cells for later reuse. 
2. Stores blood platelets and monocytes for release into the blood when needed. 
3. May be a site of erythrocyte production in the fetus. 
The spleen consists of two components: 

1. White pulp: is where immune functions take place, so it is composed mostly of lymphocytes suspended on reticular fibers. 
2. Red pulp: is where worn-out red blood cells and bloodborne pathogens are destroyed, so it contains huge numbers of erythrocytes and the macrophages that engulf them. 
Thymus 

The thymus has important functions primarily during the early years of life. In the thymus, T lymphocyte precursors mature to become immunocompetent lymphocytes; where they become able to defend us against specific pathogens in the immune response. The thymic lobules contain an outer cortex and an inner medulla. The medullary areas contain thymic corpucles are involved in the development of regulatory T cells, important for preventing autoimmune responses. The thymus has no follicles because it lacks B cells. The thymus is the only lymphoid organ that does not directly fight antigens. It functions strictly as a maturation site for T lymphocyte precursors. The stroma of the thymus consists of epithelial cells which provide the physical and chemical environment in which T lymphocytes mature. 

Mucosa-Associated Lymphoid Tissue

MALT are a set of distributed lymphoid tissues strategically located in mucous membranes through out the body. MALT protects us from pathogens that seek to enter our bodies. 

Tonsils 

The tonsils form a ring of lymphoid tissue around the entrance to the pharynx. The tonsils are named according to location:

· The palatine tonsils are located on either side of the oral cavity. These are the largest tonsils. 
· The lingual tonsil is the collection of lymphoid follicles at the base of the tongue. 
· The pharyngeal tonsil is the posterior wall of the nasopharynx. 
· The tubal tonsils surround the openings of the auditory tubes into the pharynx. 
The tonsils gather and remove many of the pathogens in food or in inhaled air. 

Peyer’s Patches 

Peyer’s patches are large clusters of lymphoid follicles. They are located in the wall of the distal portion of the small intestine. 

Appendix 

The appendix is a tubular offshoot of the first part of the large intestine and contains a high concentration of lymphoid follicles. The appendix is in the ideal position to destroy bacteria before the pathogens can breach the intestinal wall and generate many memory lymphocytes for long-term immunity. 

Developmental Aspects of the Lymphatic System and Lymphoid Organs and Tissues 

In embryonic development the beginnings of the lymphatic vessels and clusters of lymph nodes are apparent as lymph sacs that bud from developing veins. The first, the jugular lymph sacs, arise at junctions of the internal jugular and subclavian veins. The two main connections of the jugular lymph sacs to the venous system are retained and become the right lymphatic duct and, on the left, the superior part of the thoracic duct. The lymphoid organs develop from mesodermal mesenchymal cells that migrate to particular body sites and develop into reticular tissue.

The Respiratory System 

The major function of the respiratory system is to supply the body with oxygen and dispose of carbon dioxide. This is done in four processes, called respiration:

1. Pulmonary ventilation: Air is moved into (inspiration) and out (expiration) of the lungs so the gases are continuously changed and refreshed. 
2. External Respiration: Oxygen diffuses from the lungs to the blood, and carbon dioxide diffuses from the blood to the lungs.
3. Transport of respiratory gases: Oxygen is transported from the lungs to the tissue cells of the body, and carbon dioxide is transported from the tissue cells to the lungs. 
4. Internal respiration: Oxygen diffuses from blood to tissue cells and carbon dioxide diffuses from tissue cells to blood.  
The first two functions are handled by respiratory system; the other two by the circulatory system. Because it moves air, the respiratory system is also involved with the sense of smell and with speech. 

Functional Anatomy of the Respiratory System 
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spiratory system includes the nose, nasal cavity, and paranasal sinuses; the pharynx, the larynx, the trachea; the bronchi and their smaller branches, and the lungs which contain tiny air sacs called alveoli. The system consists of two zones:

1. The respiratory zone, site of gas exchange, is composed of the respiratory bronchioles, alveolar ducts and alveoli.
2. The conducting zone, the passageways that cleanse, humidify and warm incoming air. It is composed of the nose, nasal cavity, pharynx, larynx, trachea, bronchi, bronchioles, and terminal bronchioles.

[image: image7]
The Nose and Paranasal Sinuses 

The nose (1) provides an airway for respiration, (2) moistens and warms entering air, (3) filters and cleans inspired air, (4) serves as a resonating chamber for speech, and (5) houses the olfactory receptors. The structures of the nose is divided into:

· External Nose: surface features include the root (area between eyebrows), bridge, and dorsum nasi (anterior margin), the latter terminating in the apex (tip of the nose). The skin covering the dorsal/lateral aspects of the nose is thin and contains many sebaceous glands.

[image: image8]
· Nasal Cavity: is divided by a midline nasal septum. The nasal cavity is continuous with the nasal portion of the pharynx through the posterior nasal apertures or choanae. The roof of the nasal cavity is formed by ethmoid and sphenoid bones of the skull. The floor of the nasal cavity is formed by palate; the anterior is the hard palate and posterior is the soft palate. The nasal vestibule, superior to the nostrils, is lined with skin containing sebaceous and sweat glands and numerous hair follicles. The hair, or vibrissae filters coarse particles from inspired air. The rest of the nasal cavity is lined by two types of mucosa:
1. The olfactory mucosa lines the superior region of the nasal cavity and contains smell receptors. 
2. The respiratory mucosa lines most of the nasal cavity. It contains scattered goblet cells, that rests on a lamina propria richly supplied with seromucous nasal glands. 
Seromucous nasal glands contain mucus-secreting mucus cells and serous cells that secrete a watery fluid containing enzymes. The sticky mucus traps inspired dust, bacteria, and other debris, while lysozyme attacks and chemically destroys bacteria. The ciliated cells of the respiratory mucosa create a current that moves the sheet of contaminated mucus toward the throat, where it is swallowed and digested. The nasal mucosa is richly supplied with sensory nerves and irritants trigger sneeze reflex. Capillaries and thin-walled veins under the nasal epithelium and warm incoming air. 

Nasal conchae are three scroll-like mucosa-covered projections, the superior, middle, and inferior nasal conchae. the groove inferior to each concha is a nasal meatus. The curved conchae greatly increase the mucosal surface area exposed to air and enhance air turbulence in the cavity. 
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Paranasal Sinuses 

The nasal cavity is surrounded by a ring of paranasal sinuses. They are located in the frontal, sphenoid, ethmoid, and maxillary bones. They help warm and moisten air. 
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The Pharynx

The funnel-shaped pharynx connects the nasal cavity and mouth to the larynx and esophagus. The pharynx is commonly called the throat. The muscular pharynx wall is composed of skeletal muscle throughout its length. The pharynx is divided into three regions:

1. The nasopharynx: lies above the point where food enters the body, it serves only as an air passageway. During swallowing the soft palate and its pendulous uvula move and close off the nasopharynx; this prevents food from entering the nasal cavity. High on its wall is the pharyngeal tonsil, which traps and destroys pathogens entering the nasopharynx in air. 
2. The Oropharynx: lies posterior to the oral cavity and is continuous with it through an archway called the isthmus of the fauces. Both swallowed food and inhaled air pass through it. The epithelium changes from pseudostratified columnar to stratified squamous epithelium to accommodate for the increased friction and chemical trauma accompanying food passage. The paired palatine tonsils lie embedded on the oropharyngeal mucosa. The lingual tonsil covers the posterior surface of the tongue. 
3. The Laryngopharynx: serves as a passageway for food and air and is lined with a stratified squamous epithelium. The laryngopharynx is continuous with the esophagus. During swallowing, food has the right of way and air passage temporarily stops. 
The Larynx 

The larynx, or voice box, attaches to the hyoid bone and opens into the laryngopharynx. The larynx has three functions: to provide a patent (open) airway and to act as a switching mechanism to route air and food into the proper channels. Its third function is voice production. The framework of the larynx is nine cartilages connected by membranes and ligaments. The large, thyroid cartilage is formed by the fusion of two cartilage plates. The midline laryngeal prominence, is obvious externally as the Adam’s apple. It is typically larger in males as the male sex hormones stimulate its growth in puberty. The arytenoid cartilage anchors the vocal cords. The ninth cartilage is the epiglottis. It is elastic cartilage and is anchored to anterior rim of the thyroid cartilage and extends up to the base of the tongue. Vocal ligaments, composed mostly of elastic fibers, form the core of mucosal folds called the true vocal cords, which appear pearly white because they lack blood vessels. The true vocal cords are vibrate in response to air movement up from the lungs. The vocal folds and the medial opening between them through which air passes are called the glottis. False vocal cords are above the true vocal cords, they play no role in part of sound production but help to close the glottis when we swallow. 

Voice Production 

Speech involves the intermittent release of expired air as the glottis opens and closes. The length of the vocal folds and the size of the glottis change with the action of the intrinsic laryngeal muscles that clothe the cartilages. As the length and tension of the vocal folds change, the pitch of the sound varies. Generally. The tenser the vocal folds the higher the pitch. Loudness of the voice depends on the force with which the airstream rushes across the vocal folds. The greater the force the louder the sound. The muscles of the chest, abdomen, and back provide the power for the airstream. 

Sphincter Functions of the Larynx 

Under certain conditions, the vocal folds act as a sphincter that prevents air passage. Valsalva’s maneuver, help empty the rectum and can also splint (stabilize) the body trunk when lifting a heavy load. 

The Trachea 

The trachea or windpipe, descends from the larynx through the neck and into the mediastinum. It ends by dividing into the two main bronchi at midthorax. It is very flexible and mobile. The tracheal wall consists of the mucosa, submucosa, and adventitia. The mucosa has goblet cells, and its cilia continually propel debris-laden mucus toward the pharynx. The submucosa, a connective tissue layer, contains seromucous glands that help produce the mucus sheets within the trachea. The submucosa is supported by 16 to 20 rings of hyaline cartilage encased by the adventitia. The last tracheal cartilage is expanded, and a spar of cartilage called the carina, where the trachea branches into the two main bronchi. 

The Bronchi and Subdivisions

The air passageways in the lungs branch and branch again in a pattern often called the bronchial tree. At the tip of the bronchial tree, conducting zone structures give way to respiratory zone structures. 

Conducting Zone Structures 

The trachea divides to form the right and left main bronchi. The bronchus then plunge into the medial depression of the lung on its own side. Each main bronchus subdivides into lobar bronchi-three on the right and two on the left-each suppling one lung lobe.The lobar bronchi branch into segmental bronchi, which divide repeatedly smaller and smaller. Passages smaller than 1mm in diameter are called bronchioles, and the tiniest of these are called terminal bronchioles. Changes in the wall composition as one moves through the bronchial tree:

a) Cartilage: Rings to plates to none. 
b) Epithelium: Pseudostratified columnar to columnar to cuboidal; no cilia or mucous cells in bronchioles.
c) Smooth muscle: Relative amount increases as passages become smaller. 
Respiratory Zone 

The presence of thin-walled air sacs called alveoli, begins the respiratory zone as the terminal bronchioles feed into respiratory bronchioles. Protruding from these are scatter alveoli. The respiratory bronchioles lead into winding alveolar ducts. The alveolar ducts lead into terminal clusters of alveoli called alveolar sacs or alveolar saccules. 

The Respiratory Membrane 

The walls of the alveoli are composed of type | alveolar cells, surrounded by basement membrane. The external surface of the alveoli are covered with pulmonary capillaries. Together the capillary, alveolar walls, and their basement membranes form the respiratory membrane; a blood air barrier that has blood flowing past it on one side and gas on the other. Gas exchange occurs by simple diffusion. Scattered among the type | alveolar cells are type || alveolar cells. These cells secrete surfactant that coats the gas-exposed alveolar surfaces. The alveoli have three other features: 

1. They are surrounded by fine elastic fibers. 
2. Open alveolar pores connecting adjacent alveoli allow air pressure throughout the lung to be equalized. 
3. Remarkably efficient alveolar macrophages crawl freely along the internal alveolar surfaces.
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The Lungs and Pleurae 

Each lung is surrounded by pleurae and connected to the mediastinum by vascular and bronchial attachments, collectively called the lung root. The costal surface is the anterior, lateral and posterior lung surfaces that are in close contact with the ribs. Just deep to the clavicle is the apex, superior tip of the lung. The concave, inferior surface that rest on the diaphragm is the base. On each mediastinal surface of each lung is an indentation, the hilum, through which pulmonary and systemic blood vessels, bronchi, lymphatic vessels, and nerves enter and leave the lungs. The left lung is smaller then the right lung, and the cardiac notch is molded to and accommodates the heart. The left lung is subdivided into superior and inferior lobes, whereas the right lung is divided into superior, middle and inferior lobes. Each lobe contains bronchopulmonary segments. The right lung has ten, but the left lung has 8 to 10 segments. Each segment is served by its own artery and vein and receives air from an individual segmental bronchus. The smallest subdivision of the lung visible to the naked eye are the lobules. 
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Blood Supply and Innervation of the Lungs 

The lungs are perfused by two circulations: 

1. Pulmonary Circulation of the Lungs: systemic venous blood that is to be oxygenated in the lungs is delivered by the pulmonary arteries. In the lungs, the pulmonary arteries branch profusely along with the bronchi and finally feed into the pulmonary capillary networks surrounding the alveoli. The pulmonary veins convey the oxygenated blood from the respiratory zone of the lungs to the heart. The pulmonary circuit is a low pressure, high-volume circulation. 
2. Bronchial Circulation of the Lungs: the bronchial arteries provide oxygenated systemic blood to lung tissue. The bronchial arteries arise from the aorta, enter the lungs at the hilum, and then run along the branching bronchi. They provide a high pressure, low volume supply of oxygenated blood t[image: image29.jpg]©2013 Pearson Education, Inc.
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o all lung tissue except the alveoli. 
The lungs are innervated by parasympathetic (constrict) and sympathetic (dilate) motor fibers, and visceral sensory fibers. These nerve fibers enter each lung through the pulmonary plexus. 

The Pleurae 

The pleurae form a thin, double-layered serosa. The layer called the parietal pleura covers the thoracic wall and superior face of the diaphragm. The pleura extends as the layer called the visceral pleura to cover the external lung surface, lining its fissures. The pleurae produce pleural fluid that fills the slitlike pleural cavity between them. This helps the lungs slide easily during breathing, but also its surface tension keeps pleurae from separating. The pleurae also help divide the thoracic cavity into three chambers: the central mediastinum and the two lateral pleural compartments. 

Mechanics of Breathing 

Respiratory pressures are always described relative to atmospheric pressure, which is the pressure exerted by the air surrounding the body (760 mm Hg). A negative respiratory pressure indicates that the pressure in that region is lower than atmospheric pressure and vice versa. 

Intrapulmonary Pressure 

The intrapulmonary pressure is the pressure in the alveoli. It rises and falls with the phases of breathing, but always equals with atmospheric pressure eventually. 

Intrapleural Pressure 

The pressure in the pleural cavity, the intrapleural pressure also fluctuates with breathing phases, but is always negative to intrapulmonary pressure. The lungs collapsing force is caused by: (1) their elasticity, lungs always assume the smallest size possible and (2) the molecules of the fluid lining the alveoli attract each other, this produces surface tension that constantly acts to draw the alveoli to their smallest possible dimension. However, these are opposed by the natural elasticity of the chest wall, that tends to pull the thorax outward and enlarge the lungs. The net result of the dynamic interplay between these forces is a negative intrapleural pressure. It is the transpulmonary pressure (difference between the intrapulmonary and intrapleural pressures) that keeps the air spaces of the lungs open and keeping the lungs from collapsing. 

Pulmonary Ventilation 

Pulmonary ventilation is a mechanical process that depends on volume changes in the thoracic cavity. Volume changes lead to pressure changes and pressure changes lead to the flow of gases to equalize the pressure. Boyle’s law gives the relationship between the pressure and volume of a gas: P1V1 = P2V2. 

Inspiration 

Inspiratory muscles are the diaphragm and external intercostal muscles. When the diaphragm contracts its moves inferiorly and flattens out. As a result the height of the thoracic cavity increases. When the external intercostal muscles contract, they lift the rib cage and pull the sternum superiorly (lifted outward and moves upward). This increases thoracic volume and the lungs are stretched. This causes the intrapulmonary volume pressure to drop less than the atmospheric pressure, and air rushes into the lungs along the pressure gradient. Inspiration ends when the two pressures equal each other. 

Expiration 

As the inspiratory muscles relax and resume their resting length, the rib cage descends and the lungs recoil. As a result, both the thoracic and intrapulmonary volumes decrease. This volume decrease causes intrapulmonary pressure to rise above atmospheric pressure, the pressure gradient forces gases to flow out of the lungs. 

Physical Factors Influencing Pulmonary Ventilation 

Airway Resistance 

The major nonelastic course of resistance to gas flow is friction encountered in the respiratory passageways. Gas flow is equal to the difference in pressure (pressure gradient) divided by resistance. Airway resistance is insignificant for two reasons: 

1. airway diameter in the first part of the conducting zone are huge, relative to the low viscosity of air. 
2. Although individual bronchioles are tiny, there are an enormous number of them in parallel, so the total cross sectional area is huge. 
Consequently the greatest resistance to gas flows occurs in the bronchi. 

Alveolar Surface Tension 

Molecules of liquid are more strongly attracted to each other then gas molecules. This unequal attraction produces a state of tension called surface tension, that (1) draws the liquid molecules closer together and reduces their contact with gas molecules and (2) resists any force that tends to increase the surface area of liquid. Water is the major component of liquid film that coats the alveolar walls, to reduce the alveoli to the smallest possible size. Alveolar film also contains surfactant the decreases the cohesiveness of water molecules, reducing the surface tension of alveolar fluid. 

Lung Compliance 

Healthy lungs are stretchy, and this distensibility is called lung compliance. Lung compliance is a measure of the change in lung volume that occurs with a given change in transpulmonary pressure: CL = /\ VL •/• /\(Ppul - Pip). The more a lung expands the greater its compliance. Lung compliance is determined largely by two factors: (1) distensibility of the lung tissue and (2) alveolar surface tension. 

Respiratory Volume 

The four respiratory volumes are (1) tidal volume, during normal quiet breathing, 500ml/breath, (2) inspiratory reserve volume, the amount of air that can be inspired forcibly beyond tidal volume, 2100 to 3200 ml, (3) expiratory reserve volume, is the amount of air that can be expelled from the lungs after a normal tidal volume expiration, 1000 to 1200 ml, (4) residual volume, the air that remains in the lungs after the most strenuous expiration, 1200 ml. 

Respiratory Capacities 

The respiratory capacities include (1) inspiratory capacity, the total amount of air that can be inspired after a normal tidal volume expiration, the sum of TV and ERV, (2) functional residual capacity, represents the amount of air remaining in the lungs after a normal tidal volume expiration, combined RV and ERV, (3) vital capacity, is the total amount of exchangeable air, sum of TV, IRV, ERV, (4) total lung capacity, the sum of all lung volumes. 

Dead Space 

Some of the inspired air fills the conducting respiratory passageways and never contributes to gas exchange in the alveoli. The volume of these conducting zone conduits make up the anatomical dead space. If some alveoli cease to act in gas exchange, the alveolar dead space is added to the anatomical dead space. The sum of the non-useful volumes is the total dead space. 

Pulmonary Function Test 

Spirometry is most useful for evaluating losses in respiratory function and for following the course of certain respiratory diseases. It can distinguish between obstructive pulmonary disease involving increased airway resistance and restrictive diseases involving reduced total lung capacity. 

Alveolar Ventilation 

The minute ventilation is the total amount of gas that flows into or out of the respiratory tract in one minute. Alveolar ventilation rate is a better index of effective ventilation. We can compute AVR using this equation: AVR = frequency (breaths/min) X (TV - dead space). 

Non-respiratory Air Movements 

Non-respiratory air movements are processes other than breathing that move air into or out of the lungs, and these usually result from reflex activity. 

· Hiccups: are spasms of the diaphragm and irritation of the phrenic nerve; air hits the vocal folds of the closing glottis. 
· Yawn: very deep inspiration that ventilates all alveoli; not believed to be triggered by oxygen or carbon dioxide levels in blood.
· Cough: blast of air shot out from lungs through briefly opened glottis – to dislodge foreign particles, mucus from lower respiratory tract.
· Sneeze: like a cough but air forced through nasal cavity to clear upper respiratory passageways.
Dalton’s Law of Partial Pressures 

States that the total pressure exerted by a mixture of gases is the sum of the pressures exerted independently by each gas in the mixture. The pressure exerted by each gas, its partial pressure, is directly proportional to the percentage of that gas in the mixture. 

Henry’s Law 

States that when a gas is in contact with a liquid, the gas will dissolve in the liquid in proportion to its partial pressure. 

Composition of Alveolar Gas 

The gaseous makeup of the atmosphere is quite different from that in the alveoli. The atmosphere is almost entirely O2 and N2; the alveoli contain more CO22 and water vapor and much less O2. These differences are because: 

· Gas exchange occurs in the lungs; oxygen from air to blood and CO2 from blood to air in the lungs.
· Conducting zone passageways have humidified the air.
· Alveolar gas mixes with new “atmospheric” gas with every breath. 
External Respiration 

The following three factors influence external respiration:

1. Thickness (fluid uptake, increasing thickness and decreasing rate of gas exchange) and surface area of the respiratory membrane. 
2. Partial pressure gradients of O2 and CO2 drive the diffusion of these gases across the respiratory membrane. Even though O2 pressure gradient for oxygen diffusion is much steeper than the CO2 gradient, equal amounts of these gases are exchanged. This is because CO2 is 20 times more soluble in plasma and alveolar fluid than O2. 
3. Ventilation-perfusion coupling that matches alveolar ventilation with pulmonary blood  perfusion. Both are controlled by local autoregulatory mechanisms that continuously respond to local conditions: PO2 controls perfusion by changing arteriolar diameter and PCO2 controls ventilation by changing bronchiolar diameter. 
Internal Respiration 

Internal respiration involves capillary gas exchange in body tissues. The gas exchange that occurs between blood and alveoli and between blood and tissue cells take place by simple diffusion. They are driven by the partial pressure gradients of O2 and CO2 that exist on the opposite side of the exchange membranes. 

Oxygen Transport 

Molecular oxygen is carried in blood in two ways: bound to hemoglobin within red blood cells and dissolved in plasma. About 98% of the oxygen is carried from lungs to tissues bound to hemoglobin. 

Association of Oxygen and Hemoglobin 

Hemoglobin is composed of four polypeptide chains, each bound to an iron-containing heme group. Because the iron atoms bind oxygen, each hemoglobin molecule can combine with four molecules of O2. The rate at which hemoglobin reversibly binds or releases oxygen is regulated by PO2, temperature, blood pH, Pco2, and blood concentration of an organic chemical called BPG. These factors interact to ensure adequate amounts of oxygen is delivered to tissue cells. 

Carbon Dioxide Transport 

Blood transports CO2 from tissue cells to the lungs in three forms: 

1. Dissolved in plasma: the smallest amount of CO2 is transported simply dissolved in plasma. 
2. Chemically bound to hemoglobin: dissolved CO2 is bound and carried in the RBCs as carbaminohemoglobin. Carbon dioxide binds directly to the amino acids of globin (not the heme). Carbon dioxide loading and unloading is directly influenced by the Pco2 and the degree of hemoglobin oxygenation. Deoxygenated hemoglobin more readily combines with carbon dioxide than does oxygenated blood hemoglobin. 
3. As bicarbonate ion in plasma: most carbon dioxide molecules entering plasma enter red blood cells, where the reactions that prepare carbon dioxide for transport as bicarbonate ions in plasma mostly occur. When dissolved CO2 diffuses into RBCs, it combines with water, forming carbonic acid that dissociates into hydrogen ions and bicarbonate ions. Hydrogen ions released during this reaction bind to hemoglobin, triggering the Bohr effect. In this was, CO2 loading enhances O2 release. Once generated, bicarbonate moves quickly from RBCs into the plasma, where it is carried to the lungs. To counter balance the rapid outrush of these anions from the RBCs, chloride ions move from the plasma into the RBCs, exchange process called the chloride shift.  
The Haldane Effect 

The lower the Po2 and the lower the hemoglobin saturation with oxygen, the more carbon dioxide that blood can carry. This phenomenon is called the Haldane Effect.

Influence of CO2 on Blood pH 

The carbonic acid-bicarbonate buffer system is very important in resisting shifts in blood pH. If excess hydrogen is removed by combining with HCO3- to form carbonic acid (weak acid). If hydrogen concentration in blood drops below desirable levels, carbonic acid dissociates, releasing hydrogen ions and lowering the pH again. 

Neural Mechanisms 

Control of respiration primarily involves neurons in the reticular formation of the medulla and pons. 

Medullary Respiratory Centers 

Two areas of the medulla oblongata appear to be important in respiration: 

1. The ventral respiratory group, a network of neurons that extends in the ventral brain stem from the spinal cord to the pons-medulla junction. It appears to be a rhythm-generating and integrative center.  When its inspiratory neurons fire, impulses travel along the phrenic and intercostal nerves to excite the diaphragm and external intercostal muscles. When its expiratory neurons fire, the output stops, and expiration occurs. The normal respiratory rate and rhythm is called eupnea, inspiratory phase of 2 seconds followed by expiratory rate phase of 3 seconds. 
2. The dorsal respiratory group, located dorsally near the root of cranial nerve. It integrates input from peripheral stretch and chemoreceptors and communicates this information to the VRG. 
Pontine Respiratory Centers 

The pontine respiratory center influence and modify the activity of medullary neurons. The pontine respiratory group transmits impulses to the VRG of the medulla, this modifies and fine-tunes the breathing rhythms generated by the VRG during certain activities. 

Factors influencing Breathing Rate and Depth 

Inspiratory depth is determined by how actively the respiratory center stimulates the motor neurons serving the respiratory muscles. Respiratory rate is determined by how long the inspiratory center is active or how quickly it is switched off. Changing body demands can modify depth and rate of breathing. 

Chemical Factors 

Sensors responding to changes of carbon dioxide, oxygen, and hydrogen in arterial blood are called chemoreceptors. They are found in two major body locations: 

1. Central chemoreceptors: are located throughout the brain stem, including the ventrolateral medulla. 
2. Peripheral chemoreceptors: are found in the aortic arch and carotid arteries. 
Carbon dioxide is the most potent chemical influencing respiration. Normally, arterial Pco2 is 40 mm Hg and is maintained +/- 3 mm Hg. Hypercapnia is a condition of a rise in the blood level of Pco2. 

Hyperventilation is an increase in the rate and depth o breathing that exceeds the body’s need to remove CO2. The low levels of carbon dioxide in the blood (hypocapnia) constrict blood vessels. 

The peripheral chemoreceptors found in aortic bodies (aortic arch) and carotid bodies, contain cells sensitive to arterial oxygen levels. Small changes just increase sensitivity of receptors to PCO2. Arterial must drop substantially in PO2 (to < 60 mm Hg) before a major stimulus for increased ventilation. 

Influence of Higher Brain Centers 

Acting through the hypothalamus and the rest of the limbic system, strong emotions and pain send signals to the respiratory centers, modifying respiratory rate and depth. A rise in body temperature raises respiratory rate, while a drop in body temperature decrease respiratory rate. 

We can also exert conscious control over the rate and depth of our breathing. During voluntary control, the cerebral motor cortex sends signals to the motor neurons that stimulate the respiratory muscles, bypassing the medullary centers. 

The lungs contain stretch receptors that are stimulated when the lungs are inflated. These receptors signal the medullary respiratory centers, sending inhibitory impulses that end inspiration and allow expiration to occur. As the lungs recoil, the stretch receptors become quiet and inspiration is initiated once again. This reflex, called the inflation reflex or Hering-Breuer reflex, is through to a protective response. 

Exercise 

Respiratory adjustments during exercise are geared both to intensity and duration of the exercise. Increased ventilation in response to metabolic needs is called hyperpnea. The abrupt increase in ventilation that occurs as exercise begins reflects interaction of three neural factors:

1. Psychological stimuli
2. Simultaneous cortical motor activation of skeletal muscles and respiratory centers 
3. Excitatory impulses reaching respiratory centers from proprioceptors in moving muscles, tendons, and joints. 
Ventilation increases abruptly, then gradual rise to steady state; post-exercise, decreases abruptly then gradual decline to pre-exercise levels. In exercise venous levels change, but arterial PO2 and PCO2 remain constant. 
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