
Anatomy and Physiology 

Midterm #2 Review

Survival Needs:

Nutrients, contain the chemical substances used for energy and cell building. 

Oxygen, the chemical reactions that release energy from foods are oxidative reactions that require oxygen. 

Water, it provides the environment necessary for chemical reactions and the fluid base for body secretion and excretions. 

Normal Body Temperature, if chemical reactions are to continue at life-sustaining rates, normal body temperature must be maintained. 

Appropriate Atmospheric Pressure, breathing and gas exchange depend on appropriate atmospheric pressure, the force that air exerts on the surface of the body. 

Homeostasis, the bodies ability to maintain relatively stable internal conditions even though the outside world changes continuously. Communication within the body is essential for homeostasis. The three components are: 

Receptor, a type of sensor that monitors the environment and responds to changes, called stimuli by sending information to the control center. 

Control Center, determines the set point, the level at which a variable is to be maintained. It also analyzes the input it receives and determines the appropriate response or course of action. Information [image: image1]then flows to the effector. 

Effector,provides the means for the control center’s response to the stimulus. The result of the response then feed back to influence the effect of the stimulus, either reducing (negative feedback) shutting off the control process or enhancing (positive feedback) so the whole process continues even faster. 

Negative feedback systems, prevent sudden severe changes within the body. 

Positive feedback systems, the change results proceeds in the same direction as the initial change, causing the variable to deviate further and further from its original value. 

Homeostatic Imbalance, diseases can be regarded as a result of its disturbance to homeostasis.

Muscle Metabolism 

As a muscle contracts, ATP supplies the energy to move and detach cross bridges, operate the calcium pump in the SR, and return Na and K to the cell exterior and interior. After ATP is hydrolyzed to ADP and inorganic phosphate in muscle fiber one or more three pathways regenerate it. 

1) Direct Phosphorylation of ADP by Creatine Phosphate: Creatine phosphate (CP), a unique high-energy molecule stored in muscles, is tapped to regenerate ATP while the metabolic pathways adjust to the suddenly higher demand for ATP.  The CP-ADP reaction is catalyzed by the enzyme creatine kinase. But CP reserves are quickly gone, as CP provides maximum muscle power for about 15 seconds. 
2) Anaerobic Pathway: Glycolysis and Lactic Acid Formation: More ATP is generated by breaking down glucose obtained from the blood or glycogen stored in the muscle. The initial phase of glucose breakdown is glycolysis. This pathway does not use oxygen, anaerobic pathway. During glycolysis, glucose is broken down into two pyruvic acid molecules, releasing enough energy to form small amounts of ATP (2ATP per Glucose). When muscles contract vigorously most of the pyruvic acid produced during glycolysis is converted into lactic acid. Lactic acid is reconverted back to pyruvic acid by liver cells once exercise is over. Anaerobic pathway produces 5% as much ATP of aerobic pathway, but is 2.5 times faster. This is important during vigorous muscle activity. 
3) Aerobic Respiration: occurs in the mitochondria, requires oxygen, and involves a sequence of chemical reactions that[image: image21.png](d)




 break the bonds of fuel molecules and release energy to make ATP. Aerobic respiration provides a high yield of ATP (32 ATP per glucose), but is slow because of its many steps and it requires continuous delivery of oxygen and nutrient fuels to keep it going. 
Energy Systems Used During Sports 
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Aerobic endurance: the length of time a muscle can continue to contract using aerobic pathways. 

Anaerobic threshold: point at which muscle metabolism converts to anaerobic glycolysis. 

Muscle Fatigue 

A state of physiological inability to contract even though the muscle still may be receiving stimuli. Contributors to this is build up of lactic acid, and ion imbalances. 

Oxygen Debt or Excess Postexercise Oxygen Consumption (EPOC)

For a muscle to return to its resting state, all the following must occur:

· its oxygen reserves in myoglobin must be replenished 

· the accumulated lactic acid must be reconverted to pyruvic acid 

· glycogen stores must be replaced 

· ATP and creatine phosphate reserves must be resynthesized 

EPOC is the extra amount of oxygen the body must take in for the restorative processes. 

Heat Production During Muscle Activity 

The energy that is not converted to useful work is given off as heat, this has to be dealt with to maintain body homeostasis. Homeostatic processes prevent heat in the body from building to dangerous levels by sweating and radiating heat from the skin surface. 

Force of Muscle Contraction 

The force of muscle contraction depends on the number of myosin cross bridges that are attached. It is affected by four factors:

1) Number of Muscle Fibers Stimulated: the more motor units that are recruited, the greater the muscle force

2) Size of Muscle Fibers: the bulkier the muscle the more tension it can develop and the greater its strength.

3) Frequency of Stimulation: as a muscle begins to contract, the force is generated by the cross bridges (internal tension) stretches the connective tissue sheaths. These in turn become taut and transfer their tension (external tension) to the load. The more rapidly a muscle is stimulated, the greater the force it exerts. 

4) Degree of Muscle Stretch: the optimal operating length for a muscle fiber is the length at which is can generate maximum force. Within a sarcomere, the ideal length-tension relationship occurs when a muscle is slightly stretched and the thin and thick filaments overlap optimally. 

Velocity and Duration of Contraction 

Muscle Fiber Type 

Two functional characteristics:

· speed of contraction: on the basis of speed of fiber shortening, there are slow fibers and fast fibers. The difference reflects how fast their myosin ATPase split ATP and the pattern of electrical activity of their motor neurons. 

· major pathways for forming ATP: the cells that rely mostly on the oxygen using aerobic pathways for ATP generation are oxidative fibers. Those that rely on anaerobic glycolysis are glycolytic fibers. 

Load 

Because muscles are attached to bones, they are always pitted against some resistance or load when they contract. A greater load results in a longer latent period, a slower contraction and a shorter duration of contraction.

Recruitment 

The more motor units that are contracting, the faster and more prolonged the contraction.

Adaptations to Exercise 

The amount of work a muscle does is reflected in changes in the muscle itself. 

Aerobic (Endurance) Exercise 

Endurance exercise results in several recognizable changes in skeletal muscles:

· the number of capillaries surrounding the muscle fibers increase 

· the number of mitochondria within the muscle fibers also increase 

· the fibers synthesize more myoglobin 

The changes result in more efficient muscle metabolism and in greater endurance, strength and resistance to fatigue. 

Resistance Exercise 

Pits muscles against high-resistance or immovable forces. Vigorously stressed muscle fibers also contain more mitochondria, form more myofilaments and myofibrils, store more glycogen, and develop more connective tissue between muscle cells. The changes promote significant increases in muscle strength and size. When muscle training isn’t balanced individuals can become muscle-bound, which means they lack flexibility, generally awkward stance, and are unable to make full use of their muscles. 

A balanced Exercise Program 

Exercise gains adhere to the overload principle. Forcing a muscle to work hard increases muscle strength and endurance. How ever doing to much too soon and ignoring the warning of muscle or joint pain, increases your risk of overuse injuries that may lead to lifetime disability. 

Smooth Muscle 

The muscle in the walls of all the body’s hollow organs is almost entirely smooth muscle. 

Microscopic Structure of Smooth Muscle Fibers 

Smooth muscle fibers are spindle-shaped cells of variable size, each with one centrally located nucleus. A small amount of fine connective tissue. secreted by the smooth muscle and contains blood vessels and nerves, is found inbetween smooth muscle fibers. Most smooth muscle is organized into sheets of closely apposed fibers. 

· In the longitudinal layer, the muscle fibers run parallel to the long axis of the organ. When these fibers contract the organ dilates and shortens. 

· In the circular layer, the fibers run around the circumference of the organ. Contraction of this layer constricts the lumen of the organ and elongates the organ. 

Peristalsis is the alternating contraction and relaxation of these layers that mixes substances and squeezes them through the organs internal pathway. Smooth muscle has innervating nerve fibers, which are part of the autonomic nervous system, that have numerous bulbous swellings called varicosities. The varicosities release neurotransmitter into a wide synaptic cleft in the general area of the smooth muscle cells. Such junctions are called diffuse junctions. 

The sarcolemma has multiple caveolae, pouchlike infoldings that sequester bits of extracellular fluid containing a high concentration of Ca2+ close to the membrane. Consequently, when calcium channels in the caveolae open, Ca2+ influx occurs rapidly. Contraction ends when cytoplasmic calcium is actively transported into the SR and out of the cell. 

The proportion and organization of smooth muscle myofilaments differ from skeletal muscle in the following ways:

· Thick filaments are fewer but have myosin heads along their entire length. 

· No troponin complex in thin filaments 

· Thick and thin filaments arranged diagonally 

· Intermediate filament-dense body network

Contraction of Smooth Muscle 

Mechanism of Contraction 

Adjacent smooth muscle fibers exhibit slow, synchronized contractions, the whole sheet responding to a stimulus in unison. This synchronization reflects electrical coupling of smooth muscle cells by gap junctions. This allows smooth muscle to transmit action potentials from fiber to fiber. 

Contraction of smooth muscle is like contraction of skeletal muscle in the following ways:

· Actin and myosin interact by the sliding filament mechanism. 

· The final trigger for contraction is a rise in the intracellular calcium ion level. 

· ATP energizes the sliding process 

In smooth muscle, calcium activates myosin by interacting with a regulatory molecule called myosin kinase which phosphorylates the myosin, activating it. 

Energy Efficiency of Smooth Muscle Contraction 

Smooth muscle takes longer to contract but it can maintain the same contractile tension for prolonged periods at less than 1% of the energy cost. Part of the striking energy economy of smooth muscle is the sluggishness of its ATPases. Also smooth muscle myofilaments may latch together during prolonged contractions, saving energy. 

Regulation of Contraction 

The contraction of smooth muscle can be regulated by:

Neural Regulation: neurotransmitters binding generates an action potential, which is coupled to a rise in calcium ions in the cytosol. Different autonomic nerves serving the smooth muscle of visceral organs release different neurotransmitters, each of which may excite or inhibit a particular group of smooth muscle cells. 

Hormones and Local Chemical Factors: some smooth muscle depolarize spontaneously or in response to chemical stimuli that bind to G protein-linked receptors. Several chemical factors cause smooth muscle to contract or relax without an action potential by enhancing or inhibiting Ca2+ entry into the sarcoplasm. 

Special Features of Smooth Muscle Contraction

Response to Stretch

Stretching of smooth muscle provokes contraction, which automatically moves substances along an internal tract. However, the increased tension persists only briefly, and soon the muscle adapts to its new length and relaxes, while still retaining the ability to contract on demand. This stress-relaxation response allows hollow organs to fill or expand slowly to accommodate a greater volume without causing strong contractions that would expel its contents. 

Length and Tension Changes 

The irregular, overlapping arrangement of smooth muscle filaments and the lack of sarcomeres allow smooth muscle to generate considerable force, even when they are substantially stretched. 

Hyperplasia 

Certain smooth muscle fibers can divide to increase their numbers (hyperplasia). 

Types of Smooth Muscle

Unitary Smooth Muscle 

It is in the walls of all hollow organs. 

· Are arranged in opposing sheets 

· Are innervated by varicosities of autonomic nerve fibers and often exhibit rhythmic spontaneous action potentials

· Are electrically coupled by gap junctions and so contract as a unit

· Respond to various chemical stimuli 

Multi Unit Smooth Muscle 

- Consists of muscle fibers that are structurally independent of one another 

· Is richly supplied with nerve endings, each of which forms a motor unit with a number of muscle fibers 

· Responds to neural stimulation with graded contractions that involve recruitment  

Difference of the Somatic and Autonomic Nervous System 

Effectors 

The somatic nervous system stimulates skeletal muscles, whereas the ANS innervates cardiac and smooth muscle and glands. 

Efferent Pathways and Ganglia

In the SNS the motor neuron cell bodies are in the CNS, and their axons extend in spinal or cranial nerves all the way to the skeletal muscles they activate. Somatic motor fibers are typically think and heavily myelinated. The ANS uses a two neuron chain to reach its effectors (1) the preganglionic neuron, resides in the brain or spinal cord. Its axon, the preganglionic axon, synapses with the second motor neuron. (2) The postganglionic neuron cell body is an autonomic ganglion outside the CNS. Its axon extends to the effector organ. 

Neurotransmitter Effects 

All somatic motor neurons release acetylcholine. The effect is always excitatory. Autonomic postganglionic fibers release two neurotransmitters, norepinephrine and ACh, and it can either be excitatory or inhibitory. 

Overlap of Somatic and Autonomic Function 

Higher brain centers regulate and coordinate both somatic and autonomic motor activities and most spinal nerves contain both. 

ANS Divisions 

The ANS has two arms, the parasympathetic division promotes maintenance functions and conserves body energy, whereas the sympathetic division mobilizes the body during activity. Both divisions generally serve the same visceral organs but cause opposite effects. This dual innervation counterbalances each other to keep body systems running smoothly. 

Role of the Parasympathetic Division 

This division keeps the body energy use as low as possible. It is sometimes called the “rest and digest” system. D division: digestion, defecation and diuresis.

Role of the Sympathetic Division

The activity of this division is evident when we are excited or find ourselves in emergency situations. E division: exercise, excitement, emergency and embarrassment. 

ANS Anatomy 

· Sites of origin: the parasympathetic fibers are craniosacral (originate in brain or spinal cord). Sympathetic fibers are thoracolumbar (originate in thoracic and lumbar regions of the spinal cord). 

· Relative lengths of their fibers: The parasympathetic division has long preganglionic and short postganglionic fibers. Opposite for the sympathetic division. 

· Location of their ganglia: Most parasympathetic ganglia are located in the visceral effector organs. Sympathetic ganglia lie close to the spinal cord. 

Antagonistic Interactions 

Antagonistic effects are most clearly seen on the activity of the heart, respiratory system and gastrointestinal organs. In a flight-or-fight situation, the sympathetic division increases heart rate, dilates airways and inhibits digestion and elimination. 

Sympathetic and Parasympathetic Tone 

The vascular system is entirely innervated by sympathetic fibers that keep the blood vessels in a continual state of partial constrictions called sympathetic tone. Alpha blockers, drugs that block the responses in the vasomotor fibers, are sometimes used to treat hypertension. The parasympathetic effects normally dominate the heart and the smooth muscle of digestive and urinary tract organs. These organs exhibit parasympathetic tone. The parasympathetic division slows the heart and dictates the normal activity levels of the digestive and urinary tracts. However the SNS can override it. 

Unique Roles of the Sympathetic Division 

Thermoregulatory Responses to Heat 

They sympathetic division mediates reflexes that regulate body temperature. When systemic body temperature rises, sympathetic nerves (1) dilate the skin’s blood vessels, allowing heat to escape from skin flushed with warm blood, (2) activate the sweat glands to help cool the body. When body temperature falls skin blood vessels constrict, preventing heat loss from the skin.

Release of Renin from the Kidneys 

Sympathetic impulses stimulate the kidneys to release renin, an enzyme that causes the formation of blood pressure increasing hormones. 

Metabolic Effects 

(1) Increases the metabolic rate of body cells (2) raises the blood glucose levels (3) mobilizes fats for use as fuels (4) increases mental alertness and (5) increases speed and strength of muscle contractions. 

Brain Stem and Spinal Cord Controls 

The hypothalamus is the boss but the brain stem reticular formation appears to exert the most direct influence over autonomic functions. 

Defecation and micturition reflexes that empty the rectum and urinary bladder are integrated at the spinal cord level but are subject to conscious inhibition.

Hypothalamic Controls 

The hypothalamus is the main integration center of the autonomic nervous system. Anterior hypothalamic regions direct parasympathetic functions, and posterior areas sympathetic functions. The hypothalamus contains centers to coordinate heart activity, blood pressure, body temp, water balance, endocrine activity. It also has centers that help mediate emotions and biological drives.

Cortical Controls 

The hypothalamus has connections to the limbic lobe. This allows for voluntary cortical control of visceral activities. Biofeedback is a way of becoming aware of physiological conditions with the goal of being able to influence them consciously. Biofeedback can improve management of migraine headaches, stress and cardiac function. 

The Endocrine System 

The endocrine system influences metabolic activity by means of hormones (hormone to excite). Hormones must bind to specific receptors to influence target cell function. The major process that hormones control and integrate include: 

· Reproduction 
· Growth and development 
· Maintenance of electrolyte, water, and nutrient balance of the blood 
· Mobilization of body defenses 
Exocrine glands produce non-hormonal substances, such as sweat and saliva, and have ducts that carry these substances to a membrane surface. Endocrine glands, ductless glands, produce hormones and lack ducts. They release their hormones into the surrounding tissue fluid. 

Chemistry of Hormones 

· Amino Acid Based: most hormones are amino acid based (peptides to proteins). 
· Steroids: synthesized from cholesterol. 
· Eicosanoids: biologically active lipids made from arachidonic acid. 
Mechanisms of Hormone Action 

A hormone influences the activity of only those tissue cells that have receptors for it. These cells are its target cells. Hormones increase or decrease the rates of normal cellular processes. A hormone typically produces one or more of the following changes:

· Membrane permeability/potential (channels)
· Synthesis of enzymes within cells
· Enzyme activation/deactivation
· Induction of secretory activity
· Stimulation of mitosis
Two Main Mechanisms of Action 

1. Water Soluble Hormones (peptide/protein hormones): act on receptors in the plasma membrane. These receptors are usually coupled via regulatory molecules called G proteins to one or more intracellular second messengers which mediate the target cell’s response. 
[image: image2]
2. Lipid-soluble Hormones (steroids): act on receptors inside the cell, which directly activate genes.      
[image: image3]
Half-Life, Onset, and Duration of Hormone Activity 

Hormones are potent chemicals and they exert profound effects on their target organs even at very low concentrations. The concentration of a circulating hormone in blood at any time reflects (1) its rate of release and (2) the speed at which it is inactivated and removed from the body. The length of time for a hormones blood level to decrease by half, referred to as its half life, varies from a fraction of a minute to a week. 

The length in time for a hormone to have effect varies. Some hormones provoke target organ responses almost immediately, while other, particularly steroid hormones, require hours to days before their effects are seen. 

The duration of hormone action is limited, ranging from 10 seconds to several hours. 

Control of Hormone Release 

The synthesis and release of most hormones are regulated by some type of negative feedback mechanism. In such a mechanism, some internal or external stimulus triggers hormone secretion. There are three types of stimuli:

1) Humoral Stimuli: hormone secrete in direct response to changing blood levels of certain critical ions and nutrients. 
2) Neural Stimuli: nerve fibers stimulate hormone release. 
3) Hormonal Stimuli: endocrine glands release their hormones in response to hormones produced by other endocrine organs. 

[image: image4]
Blood Components 

Blood is the only fluid tissue in the body. Blood is a specialized connective tissue in which living blood cells, called the formed elements, are suspended in a nonliving fluid matrix called plasma. Erythrocytes (red blood cells) transport oxygen. A thin, whitish layer called buffy coat is present a the erythrocyte plasma junction. This layer contains leukocytes (white blood cells) that act in various ways to protect the body, and platelets, cell fragments that help stop bleeding. 

Physical Characteristics and Volume 

Depending on the amount of oxygen it is carrying, the color of blood varies from scarlet (oxygen rich) to dark red (oxygen poor). Blood is more dense then water and about five times more viscous, largely because of its formed elements. It is slightly alkaline, with a pH between 7.35 and 7.45. Blood accounts for 8% of the body weight. The average volume in males is 5-6L and 4-5L in females. 

Functions 

Distribution

a) oxygen & nutrients: travels products through the blood stream 

b)  metabolic wastes: picks up waste products, CO2 gas and urea

 hormones: using blood stream to transport substances

Regulation

a)  body temperature:  distribution, conservation, dissipation

b)  pH in body tissues (plasma proteins, bicarbonate reserve)

 adequate fluid volume

Protection 

a)  Preventing blood loss; platelets, plasma proteins, blood clotting

 Preventing infection; antibodies, complement, WBCs

Blood Plasma

Blood plasma is a straw colored, sticky fluid. It is mostly made up of water (about 90%) and contains many solutes including nutrients, gases, hormones, wastes and product of cell activity. The heavy plasma protein are the most abundant plasma solutes by weight, and generally produced by the liver (exception hormones and gamma globulins). Albumin accounts for 60% of plasma protein. It acts as a carrier to shuttle certain molecules through the circulation, is an important blood buffer, and is the major blood protein contributing to the plasma osmotic pressure. 

Formed Elements 

Erythrocytes have no nuclei or organelles, and platelets are cell fragments. Only leukocytes are complete cels.  

Most only survive in the blood stream for a few days

Most blood cells do not divide. 

Erythrocytes (Red Blood Cells)

RBCs are small cells, about 7.5 μm diameter. They are shaped like biconcave discs. 
mature RBCs are little more then “bags” of hemoglobin, that function in gas transport. Other proteins are present that help rid the body of harmful oxygen radicals, but most help keep cell shape. Spectrin maintains the biconcave shape of an erythrocyte. The spectrin in not deformable, allowing RBCs to change shape as necessary. RBCs pick up oxygen from the lungs and releases it to tissue cells across other capillaries throughout the body. 

Specialized characteristics that optimize function:

Small size & biconcave shape   large SA/V

>97% non-water composition is hemoglobin

No mitochondria; generate ATP anaerobically

Major factor contributing to blood viscosity; women have lower RBC count (4.3-5.2 x 106 cells/ml) than men (5.1-5.8 x 106 cells/ml)

Rate of blood flow inversely affected by RBC count

Hemoglobin, the protein that makes RBCs red, bind easily and reversibly with oxygen, and most oxygen carried in blood is bound to hemoglobin. Hemoglobin is made up of red heme pigment bound to the protein globin. Globin consist of four polypeptide chains - two alpha and two beta - each binding a ringlike heme group. Each heme group bears an atom of iron in its center. A hemoglobin molecule can transport four oxygen molecules. Hemoglobin is contained in erythrocytes because it prevents it (1) from breaking into fragments (2) from making blood more viscous and raising blood osmotic pressure. When oxygen binds to iron, the hemoglobin, now called oxyhemoglobin assumes a new shape and becomes ruby red. Oxygen then detaches from iron, hemoglobin resumes its former shape, and the resulting deoxyhemoglobin becomes dark red. Carbaminohemoglobin occurs when carbon dioxide binds to globins amino acids.

Blood cell formation is referred to as hematopoiesis. It occurs in the red bone marrow, which is composed largely of a soft network or reticular connective tissue bordering on wide blood capillaries called blood sinusoids. Within this network are immature blood cells. As blood cells mature, they migrate through the thin walls of the sinusoids to enter the blood stream. All formed elements arise from the hematopoietic stem cell (hemocytoblast) and once a cell is committed to a specific blood cell pathway, it cannot change. 

Stages of Erythropoiesis

Begins when a hematopoietic stem cell descendant called a myeloid stem cell transforms into a proerythroblast. 

Proerythroblast in turn give rise to basophilic erythroblasts that produce huge numbers of ribosomes. During these first two phases the cells divide many times. 

Hemoglobin is synthesized and iron accumulates as the basophilic erythroblast transforms into a polychromatic erythroblast and then a orthochromatic erythroblast. 

When an orthochromatic erythroblast has accumulated almost all of its hemoglobin, it ejects most of its organelles. Additionally its nucleus degenerates and is pinched off, giving it its biconcave shape. 

The result is the reticulocyte (essentially a young erythrocyte) as it still contains a scant reticulum of clumped ribosomes. 

Regulation or Erythropoiesis

• Balance between RBC production & destruction

• Too few: anaemia, too many: polycythemia

· Production rate: >2 million/sec if healthy (sufficient iron & B vitamins)
Hormonal Controls 

Erythropoietin, a glycoprotein hormone produced in the kidney and sometimes the liver, stimulates the formation of erythrocytes. A small amount of EPO circulates in the blood at all times and sustains red blood cell production at a basal rate. When certain kidney cells become hypoxic (oxygen deficient), oxygen sensitive enzymes are unable to carry out their normal functions of degrading HIF. As HIF accumulates it accelerates the synthesis and release of erythroproietin. This can result from (1) reduced number of red blood cells (2) insufficient hemoglobin (3) reduced availability of oxygen. 

Dietary Requirements 

The raw materials required for erythropoiesis include regular nutrients and structural material. Iron is essential for hemoglobin synthesis. Iron is available from the diet and intestinal cells control its absorption into the blood stream. Around 65% of the body’s iron supply is in hemoglobin. Most of the remainder is stored in the liver, spleen, and bone marrow. Free iron is toxic so iron is stored as ferritin and hemosiderin. In blood, iron is transported loosely bound to a transport protein called transferrin. Small amounts of iron are lost each day in feces, urine and perspiration. The average daily loss is 1.7 mg in women and 0.9 mg in men. In women, the menstrual flow accounts for the additional loss. 

Fate and Destruction of Erythrocytes 

Red blood cells are unable to synthesize new proteins, grow or divide. Erythrocytes become old as they lose their flexibility, become increasingly rigid and fragile and their hemoglobin begins to degenerate. They become trapped in smaller circulatory channels, particularly those of the spleen. 

Anemia is a condition in which the blood’s oxygen-carrying capacity is too low to support normal metabolism. Anemic people are fatigued, pale, short of breath and chilled. The causes of anemia can be divided into three groups

1. Blood loss
2. Not enough red blood cells produced
3. Too many red blood cells destroyed
Polycythemia is an abnormal excess of erythrocytes that increases blood viscosity, causing it to sludge or flow sluggishly

Polycythemia vera, a bone marrow cancer, causes the vascular system to become engorged with blood and severely impairing circulation. 

Secondary polycythemias results when less oxygen is available or EPO production increases. 

Blood doping is artificially induced polycythemia. 

Leukocytes

WBCs are the only formed elements that are complete cells, with nuclei and the usual organelles. Accounting for less than 1% of the total blood volume. WBCs are crucial to our defense against disease. They help protect the body from damage by bacteria, viruses, parasites, toxins and tumor cells. WBCs are able to slip out of the capillary blood vessels, a process called diapedesis, and the circulatory system is simple their means of transport to areas of the body. Once out of the bloodstream, WBCs more through the tissue spaces by amoeboid motion. By following the chemical trail of damaged cells (positive chemotaxis) they pinpoint areas of tissue damage and infection and gather there. 

Platelets

Platelets are cytoplasmic fragments of extraordinarily large cells called megakaryocytes.  Platelets are essential for the clotting process that occurs in plasma when blood vessels are ruptured or their lining is injured. By sticking to the damage site, platelets form a temporary plug. Platelets age quickly and degenerate in about ten days because they are anucleate. A hormone called thrombopoietin regulates the formation of platelets. 

Hemostasis 

If a blood vessel wall breaks, a whole series of reactions is set in motion to accomplish hemostasis, which stops the bleeding. During hemostasis three steps occur in rapid sequence:

Vascular Spasms: in the first steps, the damaged blood vessels respond to injury by constricting (vasoconstriction). Direct injury, chemicals released by endothelial cells and platelets, and reflexes all trigger this spasm. The spasm response is valuable as it can significantly reduce blood loss. 

Platelet Plug Formation: platelets stick together to form a plug that temporarily seals the break in the vessel wall. Intact endothelial cells release nitric oxide and prostacyclin that prevent platelet sticking together in undamaged tissue and restrict sticking together to the site of injury. However when there is damage platelets stick to the underlying collagen fibers that are exposed. Platelets release chemical messengers: ADP, enhances sticking together and degranulation and serotonin and thromboxane enhance vascular spasm and sticking together. 

Coagulation: or blood clotting reinforces the platelet plug with fibrin threads that act as a “molecular glue”. Blood is transformed from a liquid to a gel in a multistep process that involves a series of substances called clotting factors or procoagulants. 

Two Pathways to Prothrombin Activator:

Intrinsic pathway: clotting of blood outside body (eg: in a tube) or in slightly damaged vessel - slower pathway to factor X and PA

Extrinsic pathway: clotting of blood associated with body and blood vessel damage  release of tissue factor  bypass many steps of intrinsic pathway - faster pathway to factor X and PA

Clot Retraction and Fibrinolysis

Within 30 to 60 minutes, platelet induced process called clot retraction further stabilizes the clot. As the platelets contract, they pull surrounding fibrin strands, squeezing serum (plasma minus the clotting protein) from the mass, compacting the clot and drawing the ruptured edges of the blood vessels closer together. Even as clot retraction is occurring, the vessel is healing. Platelet-derived growth factor released by platelets stimulates smooth muscle cells and fibroblasts to divide and rebuild the vessel wall. Endothelial cells multiply to fill gap in lining (VEGF = vascular endothelial growth factor). 

Fibrinolysis removes unneeded clots when healing has occurred. The critical natural “clot buster” is fibrin-digesting enzyme called plasmin, which is produced when the plasma protein plasminogen is activated. Plasminogen is activated by tPA (tissue plasminogen activator) released by endothelial cells. 

Factors Limiting Clot Growth or Formation 

Normally two homeostatic mechanisms prevent clots from becoming unnecessarily large: (1) swift removal of clotting factors and (2) inhibition of activated clotting factors. For clotting to occur in the first place, the concentration of activated clotting factors must reach certain critical levels. A clot stops growing when it contacts normal blood flow. Another way of preventing the clot from enlarging is by restricting thrombin to the clot. By binding thrombin, fibrin effectively acts as an anticoagulant, preventing the clot from enlarging and thrombin from acting elsewhere. Antithrombin III, a protein present in plasma, quickly inactivates any thrombin not bound to fibrin. Antithrombin III and protein C also inhibit the activity of other intrinsic pathway clotting factors. Heparin, the natural anticoagulant contained in basophil and mast cell granules, is also found on the surface of endothelial cells. It enhances the activity of antithrombin III. 

Thromboembolic Disorders 

A clot that develops and persists in an unbroken blood vessel is called a thrombus. If the thrombus is large enough it may block circulation to the cells beyond the occlusion and lead to death of those tissues. If the thrombus breaks away from the vessel wall and floats freely in the bloodstream, it becomes an embolus. An embolus is usually no problem until it encounters a blood vessel too narrow for it to pass through. Then it becomes an embolism, obstructing the vessel. 

Aspirin is an antiprostaglandin drug that inhibits thromboxane A2. 

Bleeding Disorders 

Anything that interferes with the clotting mechanism can result in abnormal bleeding. The most common causes are:

· Thrombocytopenia: a condition in which the number of circulating platelets is deficient and causes spontaneous bleeding from small blood vessels all over the body. Even normal movements can cause bruising. It can arise from any condition that suppresses or destroys the red bone marrow. A platelet count under 50,000/µl is usually a diagnostic for this condition. Transfusion of concentrated platelets provide temporary relief from bleeding due to their short life span. 
· Impaired Liver Function: when the liver is unable to synthesize its usual supply of clotting factors, abnormal and often severe bleeding occurs. The causes can range from an easily resolved vitamin K deficiency to nearly total impairment of liver function (hepatitis or cirrhosis). Also in liver disease, not only does it fail to produce the clotting factors but also the bile that is required to absorb vitamin K. 
· Hemophilias: refers to the several hereditary bleeding disorders that have similar signs and symptoms. Hemophilia A (83% of cases) is a deficiency in factor VIII. Hemophilia B is a deficiency in factor IX. Both are sex-linked conditions that require transfusions/injections of purified clotting factors. 
Transfusion and Blood Replacement

The human cardiovascular system minimizes the effects of blood loss by (1) reducing the volume of the affected blood vessels and (2) stepping up the production of red blood cells. Loss of 15-30% of blood causes weakness and pallor. Loss of 30% or greater can induce shock and be fatal. 

Whole blood transfusion are routine when blood loss is rapid and substantial. In all other cases, infusion of packed red cels are preferred for restoring oxygen-carrying capacity. Donor blood mixed with anticoagulant can be stored for about 35 days at 4’C. 

Human Blood Groups 

Transfusion of incompatible blood can be fatal. RBC plasma membranes bear highly specific glycoproteins at their external surfaces. These glycoprotein markers are called antigens. Since RBC antigens promote agglutination they are more specifically called agglutinogens. 

ABO blood groups are based on the presence or absence of two agglutinogens, type A and type B. Depending on which of these a person inherits, his or her ABO blood group can be: A, B, AB, or O. The O blood group has neither agglutinogen, and is considered the universal donor. AB is the universal recipient as it has neither anti-A or anti-B antigens. 

Rh Blood Groups 

There are 52 named Rh agglutinogens, each of which is called an Rh factor. Only three of these, the C, D, and E antigens are fairly common. The Rh blood typing system is named because one Rh antigen (D) was originally identified in rhesus monkeys. About 85% of Americans are Rh+, meaning that their RBCs carry the D antigen. 

Transfusion Reactions: Agglutination and Hemolysis 

When mismatched blood is infused, a transfusion reaction occurs in which the recipient’s plasma agglutinins attack the donor’s red blood cell’s. Agglutination of the foreign red blood cells, clogs small blood vessels throughout the body. The clumped RBCs rupture or are destroyed by phagocytes and their hemoglobin is released. These events lead to two problems (1) the transfused blood cells cannot transport oxygen and (2) the clumped red blood cells in small vessels hinder blood flow to tissues beyond those points. The floating hemoglobin passes freely into the kidney tubules and causes cell death and renal shutdown. 

Autologous transfusion is when the patient pre-donates his or her own blood, and it is stored and immediately available if needed during an operation.

Blood Typing 

When serum containing anti-A or anti-B agglutinins is added to a blood sample diluted with saline, agglutination will occur between the agglutinin and the corresponding agglutinogen (A or B). 

Cross matching tests wether the recipient’s serum will agglutinate the donor’s RBCs or the donor’s serum will agglutinate the recipient’s RBCs. 

The Pulmonary and Systemic Circuits 

The heart is no more than the transport system pump, and the hollow blood vessels are the delivery routes. In fact the heart is two pumps side by side:

· The right side of the heart receives oxygen poor blood from body tissues and then pumps this blood to the lungs to pick up oxygen and dispel carbon dioxide. The blood vessels that carry blood to and from the lungs form the pulmonary circuit. 
· The left side of the heart receives the oxygenated blood returning from the lungs and pumps this blood throughout the body to supply oxygen and nutrients to body tissues. The blood vessels that carry blood to and from all body tissues form the systemic circuit. 
Heart Anatomy 

Size, Location and Orientation 

The heart is enclosed within the mediastinum, the medial cavity of the thorax, the heart extends obliquely for 12 to 14 cm from the second rib to the fifth intercostal space. The heart lies anterior to the vertebral column and posterior to the sternum. The lungs flank the heart laterally and partially obscure it. 
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Its broad, flat base is directed toward the right shoulder. Its apex points inferiorly toward the left hip. 

Coverings of the Heart 

The heart is enclosed in a double walled sac called the pericardium. The superficial part of this sac is the fibrous pericardium. It (1) protects the heart, (2) anchors it to surrounding structures, and (3) prevents overfilling of the heart with blood. 

Deep to this is the serous pericardium, that forms a closed sac around the heart. Its parietal layer lines the internal surface of the fibrous pericardium. It attaches to the large arteries exiting the heart and then turns inferiorly and continues over the external heart surface as the visceral layer (epicardium). 

Between the parietal and visceral layers is the slitlike pericardial cavity, which allows the heart to work in a relatively friction free environment. 
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Layers of the Heart Wall 

The heart wall is composed of three layers:

1) Epicardium is the visceral layer of the serous pericardium. It is often infiltrated with fat.  
2) Myocardium is the middle layer composed mainly of cardiac muscle and forms the bulk of the heart. This is the layer that contracts. Branching cardiac muscle cells are arranged into bundles and effectively link all parts of the heart together. The connective tissue form the cardiac skeleton, that reinforces the myocardium internally and anchors the cardiac muscle fibers. It also directs spread of action potentials across the heart to specific pathways. 
3) Endocardium is made of endothelium and is located on the inner myocardium surface. The endocardium is continuous with endothelium of vessels leaving and entering heart. 
Chambers and Associated Great Vessels 

The heart has four chambers - two superior atria and two inferior ventricles. The internal partition that divides the heart longitudinally is called the interatrial septum where it separates the atria, and the interventricular septum where is separates the ventricles. 

The coronary sulcus encircles the junction of the atria and ventricles like a crown. The anterior interventricular sulcus marks the anterior position of the septum separating the left and right ventricles. It continues as the posterior interventricular sulcus which is similar on the posteroinferior surface. 

Atria: The Receiving Chambers 

The protruding appendages called auricles increase the atrial volume somewhat. Internally the right atrium has two basic parts: a smooth-walled posterior part and an anterior portion in which bundles of muscle tissue form ridges in the walls. These muscle bundles are called pectinate muscles. 

The interatrial septum bears a shallow depression, the fossa ovalis that marks the spot where an opening, the foramen ovale, existed in the fetal heart. 

Functionally the atria are receiving chambers for blood returning to the heart. The atria are relatively small, thin-walled chambers. 

Blood enters the right atrium via three veins:

1. The superior vena cava: returns blood from body regions superior to the diaphragm. 
2. The inferior vena cava: returns blood from body areas below the diaphragm. 
3. The coronary sinus: collects blood draining from the myocardium. 
Four pulmonary veins enter the left atrium. These veins transport blood from the lungs back to the heart. 
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Ventricles: The Discharging Chambers 

Irregular ridges of muscle called trabeculae carneae mark the internal walls of the ventricular chambers. Other muscle bundles, the papillary muscles, project into the ventricular cavity. When the ventricles contract, the propel blood out of the heart into the circulation. The right ventricle pumps blood into the pulmonary truck which routes the blood to the lungs where gas exchange occurs. The left ventricle ejects blood into the aorta. 
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Heart Valves 

Atrioventricular (AV) Valves 

The two AV valves prevent back flow into the atria when the ventricles contract. 

· The right AV valve, called the tricuspid valve, has three flexible cusps. 
· The left AV valve, called the mitral (bicuspid) valve, has two cusps. 
Attached to each AV valve flap are tiny white collagen cords called chordae tendineae which anchor the cusps to the papillary muscles protruding from the ventricular walls. When the heart is relaxed the AV valves are open, allowing blood flow from the atria to the ventricle. When the ventricle contracts the pressure rises closing the valve. 
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Semilunar (SL) Valves 

The aortic and pulmonary (semilunar) valves guard the bases of the large arteries (aorta and pulmonary truck)  from the ventricles and prevent back flow into the associated ventricles. The SL valves open and close in response to pressure. When the ventricle contracts the SL valves are forced open. When the ventricle relaxes the SL valves close. 
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Pathway of Blood Through the Heart

The left side of the heart is the systemic circuit pump (long pathway with five times more resistance) and the right side of the heart is the pulmonary circuit pump (short, low-pressure circulation). 
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Coronary Circulation 

The coronary circulation, the functional blood supply of the heart, is the shortest circulation in the body and provides nourishment to heart tissue. 

Coronary Arteries

The left and right coronary arteries both arise from the base of the aorta and encircle the heart in the coronary sulcus. The left coronary artery runs toward the left side of the heart and then divides into two major branches:

1. The anterior interventricular artery: supplies blood to the interventricular septum and anterior walls of both ventricles. 
2. The circumflex artery: supplies the left atrium and the posterior walls of the left ventricle. 
The right coronary artery runs towards the right ride of the heart and divides into two branches:

1. The right marginal artery: supplies the myocardium of the right ride of the heart. 
2. The posterior interventricular artery: supplies the posterior ventricular walls. Near the apex of the heart, this artery merges with the anterior interventricular artery.
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Coronary Veins

After passing through the capillary beds of the myocardium, the venous blood is collected by the cardiac veins. These veins join to form an enlarged vessel called the coronary sinus, which empties the blood into the right atrium. The sinus has three large tributaries: the great cardiac vein, the middle cardiac vein, and the small cardiac vein. 
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Cardiac Muscle Fibers 

Cardiac muscle is striated and contracts by the sliding filament mechanism. Cardiac cells are short, fat, branched and interconnected. Each fiber contains one or at most two centrally located nuclei. The plasma membranes of adjacent cardiac cells interlock like the ribs at junctions called intercalated discs. Intercalated discs contain anchoring desmosomes and gap junctions. The myocardium behaves as a single coordinated unit, or functional syncytium. Large mitochondria account for 25-35% of the volume of cardiac cells, making them highly resistant to fatigue. 

Mechanism and Events of Contraction 

· Means of stimulation: some cardiac cells are self-excitable. These cells can initiate depolarization of the rest of the heart. This is called automaticity or autorhythmicity. 
· Organ versus motor unit contraction: either all fibers in the heart contract as a unit or the heart doesn’t contract at all. This is because gap junctions electrically tie all cardiac muscle cells together into a single contractile unit. 
· Length of absolute refractory period: is the period when in-excitable Na+ channels are still open or inactivated. This period last over 200ms in cardiac muscle cells. This normally prevents tetanic contractions, which would stop the hearts pumping action. 
The sequence of events leading to contraction is:

1. Depolarization opens a few fast voltage gated Na+ channels in the sarcolemma, allowing extracellular Na+ to enter. This initiates the positive feedback cycle of an action potential. This period is brief as sodium channels quickly inactivate. 
2. Transmission of the depolarization down the T tubules causes the sarcoplasmic reticulum to release Ca into the sarcoplasm. 
3. Excitation-contraction coupling occurs as Ca provides the signal for cross bridge activation and. 
Some 10-20% of Ca needed to trigger contraction enters the cardiac cells from the extracellular space. Once inside it stimulates the SR to release the other 80% of Ca needed. When Na dependent membrane depolarization occurs the voltage change also opens up slow Ca channels. 

the calcium surge across the sarcolemma prolongs the depolarization potential briefly, producing a plateau in the action potential. As long as Ca is entering, the contraction continues. The repolarization results from inactivation of Ca channels and opening of voltage gated K channels which restores the resting membrane potential. During repolarization Ca is pumped back into the SR and the extracellular space.  
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Heart Physiology 

The ability of cardiac muscle to depolarize and contract is intrinsic (does not depend on the nervous system). 

Setting the Basic Rhythm: The Intrinsic Conduction System

The independent but coordinated activity of the heart is a function of (1) the presence of gap junctions and (2) the activity of the hearts “in house” conduction system. The intrinsic cardiac conduction system consists of non-contractile cardiac cells specialized to initiate and distribute impulses throughout the heart. 

Action Potential Initiation by Pacemaker Cells

The cardiac pacemaker cells have an unstable resting potential that continuously depolarizes, drifting slowly toward threshold. These spontaneously changing membrane potentials, called pacemaker potentials or prepotentials, initiate the action potentials that spread throughout the heart to trigger its rhythmic contractions. There are three parts of an action potential in pacemaker cells: 
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Sequence of Excitation 

Impulses pass across the heart from:

1) Sinoatrial (SA) node: the SA node is located in the right atrial wall. The SA node sets the pace (sinus rhythm) for the heart as a whole because no other region has a faster depolarization rate. For this reason it is the hearts pacemaker. 
2) Atrioventricular (AV) node: the depolarization wave spreads via gap junctions throughout the atria and via the internodal pathway to the atrioventricular node (located above the tricuspid valve). At the AV node the impulse is delayed to allow the atria to respond and complete their contraction. 
3) Atrioventricular (AV) bundle: the impulse sweep to the AV bundle, in the superior part of the interventricular septum. 
4) Right and Left Bundle Branches: the AV bundle splits into two pathways, which course along the interventricular septum toward the heart apex. 
5) Subendocardial Conducting Network (Purkinje fibers): completes the pathway through the interventricular septum, penetrates the hearts apex and then turn superiorly into the ventricular walls. 
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Modifying the Basic Rhythm: Extrinsic Innervation of the Heart

Fibers of the autonomic nervous system modify the beat and introduce a suble variability from one beat to the next. The sympathetic nervous system increases both the rate and the force of heart beat. The parasympathetic activation slows the heart. 

Electrocardiography 

The electrical currents generated by the heart can be detected with a device called an electrocardiograph. A typical ECG has three almost immediately distinguishable waves: the P wave, the QRS complex, and the T wave. 

· P wave: results from movement of the depolarization wave from the SA node through the atria. 
· QRS complex: results from ventricular depolarization and precedes ventricular contraction. 
· T wave: results from ventricular repolarization. 
The P-R interval is the time from the beginning of atrial excitation to the beginning of ventricular excitation. The S-T segment is when the action potentials[image: image22.jpg]Prolonged-duration
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 of the ventricular myocytes are in their plateau phases. The Q-T interval is the period from the beginning of ventricular depolarization through ventricular repolarization. 
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Mechanical Events: Cardiac Cycle 

The term systole refers to these periods of contraction, and diastole refers to those of relaxation. The cardiac cycle includes all events associated with the blood flow through the heart during one complete heart beat. The cardiac cycle is marked by a succession of pressure and blood volume changes in the heart. 

1. Ventricular filling, mid to late diastole: Pressure in the heart is low and blood is returning through the atria into the open AV valves to the ventricles. More than 80% of ventricular filling occurs during this period. The atria then contract (P wave) propelling the remaining 20%. At this point the ventricles have the maximum volume of blood called the end diastolic volume (EDV). Then the atria relax and the ventricles depolarize (QRS). 
2. Ventricular Systole (atria in diastole): The ventricle begin to contract. The ventricular pressure rises closing the AV valves. The split second when the ventricle is a completely closed chamber is called isovolumetric contraction phase. When it finally exceed the pressure the SL valves open and blood rushes into the aorta and pulmonary trunk. The pressure normally reaches 120 mm Hg. 
3. Isovolumetric Relaxation, early diastole: During the brief phase following the T wave, the ventricles relax. Ventricular pressure drops and the blood in the aorta and pulmonary truck close the SL valves. 
4. All during ventricular systole, the atria have been in diastole. They have been filling with blood and the intra-atrial pressure has been rising. When blood pressure on the atrial side of the AV valves exceeds that in the ventricle, the AV valves are forced open and ventricular filling, phase one, begins again. 
Two important points (1) blood flow through the heart is controlled entirely by pressure changes and (2) blood flows down a pressure gradient through any available opening. 


[image: image20]
Heart Sounds 

There are two distinguishable sounds of the heart that can be heard through a stethoscope. The first heart sound is the closure of AV valves, the beginning of systole. The second heart sound is the closure of semilunar valves, end of systole. Heart sounds are due to vibrations of the heart/chest due to valve closure.  

Heart murmurs are due to (1) valvular obstruction, high velocity jet of blood through narrow opening, causes higher pitch of sounds or (2) valvular insufficiency, leakage of blood back causes sounds when there should be silence. 

Cardiac Output (CO)

Is the amount of blood pumped out by each ventricle in one minute. It is the product of heart rate (HR) and stroke volume (SV). Stroke volume is defined as the volume of blood pumped out by each ventricular beat. Cardiac reserve is the difference between resting and maximal CO. 

Regulation of Stroke Volume 

SV represents the difference between end diastolic volume (EDV), the amount of blood that coll[image: image24.jpg]Steroid —
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ects in a ventricle during diastole, and end systolic volume (ESV), the volume of blood remaining in a ventricle after it has contracted. 

Preload: Degree of Stretch of Heart Muscle 

The degree at which cardiac muscle cells are stretched just before they contract is called preload. In a normal heart the higher the preload the higher the stroke volume will be. This relationship is called Frank-Starling law of the heart. Stretching cardiac cells can produce dramatic increases in contractile force. 

Contractility 

Is defined as the contractile strength achieved at a given muscle length. Contractility rises when more Ca enters the cytoplasm from the extracellular fluid and the SR. Enhanced contractility means more blood leaves the heart (greater SV) and lower ESV. 

Afterload: Back Pressure Exerted by Arterial Blood 

Is the pressure that the ventricles must overcome to eject blood. It is essentially the back pressure that atrial blood exerts on the aortic and pulmonary valves. 
Glucose + Oxygen ---> Carbon Dioxide + Water + ATP
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