Circulatory systems in other animals
· Gastrovascular cavities 
· Gastrovascular cavity is a digestion and circulatory system with only one opening – usually seen in Cnidarians. 

· Fluid bathes both the inner and outer tissue layers, facilitating exchange of gases and cellular waste. Only the cells lining the cavity have direct access to nutrients released by digestion. However, the body wall is 2 cells thick so the diffusion distance is really small.

· In a hydra, thin branches of the gastrovascular cavity extend into the animal's tentacles. 

· In jellies and other cnidarians, the gastrovascular cavity has a much more elaborate branching pattern. 

· Flatworms and planarians survive without a circulatory system due to the combination of a gastrovascular cavity and a flat body.
· Flat body optimizes exchange with environment by increasing surface area and minimizing diffusion distances.

· Open and closed circulatory systems 

· A circulatory system has 3 basic components:

· circulatory fluid

· set of interconnecting vessels 

· a muscular pump, the heart
· In an open circulatory system, the circulatory fluid, called hemolymph is also the interstitial fluid that bathes body cells. 

· Arthropods have open circulatory systems. 

· Heart contraction pumps hemolymph through the circulatory vessels into interconnected sinuses, spaces surrounding the organs. 

· Within the sinuses, chemical exchange occurs between the hemolymph and body cells. 

· In a closed circulatory system, a circulatory fluid called blood is confined to vessels and is distinct from the interstitial fluid. 

· One or more hearts pump blood into large vessels that branch off into smaller ones that infiltrate the organs. 
· Chemical exchange occurs between the blood and the interstitial fluid, as well as between the interstitial fluid and the body cells. 

· Annelids, cephalopods, and all vertebrates have closed circulatory systems. 

· Open circulatory systems require less energy input than closed circulatory systems. 

· Closed circulatory systems allows animals to be larger.

· Organization of vertebrate circulatory systems 

· The closed circulatory system of humans and other vertebrates is called the cardiovascular system. 

· Blood flow through blood vessels is unidirectional
· Blood vessels are only distinguished by the direction in which they carry blood 
· Arteries carry blood from the heart to organs throughout the body.

· Within organs, arteries branch into arterioles. 

· Arterioles convey blood to capillaries, microscopic vessels with very thin, porous walls. Networks of capillaries, called capillary beds, infiltrate tissues, passing within a few cell diameters of every cell in the body. Exchange of gases and nutrients occur between the interstitial fluid and capillary beds.

· At their “downstream” end, capillaries converge into venules, and venules converge into veins, the vessels that carry blood back to the heart. 
· Portal veins (exception to the general rule) carry blood between pairs of capillary beds in the digestive system to capillary beds in the liver. 

· The hearts of all vertebrates contain two or more muscular chambers.

· The chambers that receive blood entering to the heart are called atria (singular, atrium) and the chambers responsible for pumping blood out of the heart are called ventricles. 

· Single circulation

· In bony fishes, rays, and sharks, the heart consists of two chambers: an atrium and a ventricle. 

· The blood passes through the heart once in each complete circuit through the body, an arrangement called single circulation. 

· Blood pumped out from the ventricles go to the capillary bed in the gills, where oxygen diffuses into the blood and carbon dioxide diffuses out of the blood. 

· As blood leaves the gills, the capillaries converge into a vessel that carries oxygen-rich blood to capillary beds throughout the body.

· Deoxygenated blood then travels back to the heart (atria).

· Double circulation 

· The circulatory systems of amphibians, reptiles, and mammals have two circuits, an arrangement called double circulation. 

· The pumps for the two circuits are combined into a single organ, the heart (allows for coordination of both circuits). 

· One pump, the right side of the heart, delivers oxygen-poor blood to the capillary beds of the gas exchange tissues where oxygen/carbon dioxide exchange occurs. This is called the pulmonary circuit if the capillary beds are all in the lungs. It is called a pulmocutaneous circuit if it includes capillaries in both the lungs and the skin, as in many amphibians. 

· After oxygen-enriched blood leaves the gas exchange tissues, it enters the other pump, the left side of the heart. The heart will propel the blood to capillary beds in organs and tissues throughout the body, where appropriate exchanges will occur between capillaries and the interstitial fluids. Deoxygenated blood then travels back to the heart, completing the systemic circuit. 
· Mammals and birds have 4 chambered hearts 
· Repitles and amphibians have 3 chambered hearts 
· Fish have 2 chambered hearts 
· Crocodiles and alligators have 4 chambered hearts 
The heart
· Mammalian circulation

· Contraction of the right ventricle pumps blood to the lungs via pulmonary arteries.

· As blood flows through capillary beds in the left and right lungs, it loads oxygen and unloads carbon dioxide. 

· Oxygen-rich blood returns to the lungs via the pulmonary veins to the left atrium of the heart. 

· Oxygen-rich blood flows into the left ventricle.

· Blood leaves the left ventricle via the aorta, which conveys blood to arteries leading throughout the body. 

· The first branches leading from the aorta are the coronary arteries, which supply blood to the heart muscle itself.

· Then branches lead to capillary beds in the head and arms, where the appropriate exchanges occur. 

· The aorta descends into the abdomen, supplying oxygen-rich blood leading to capillary beds in the abdominal organs and legs, where the appropriate exchanges occur. 

· Deoxygenated blood in the upper half of the body is channeled into a large vein, the superior vena cava. The inferior vena cava drains blood form the bottom half of the body. 

· The two venae empty their blood into the right atrium, for which oxygen-poor blood flows into the right ventricle and restarts the cycle. 

· Mammalian heart structure 

· The two atria have relatively thin walls and serve as collection chambers for blood returning to the heart from the lungs or other body tissues. 

· The two ventricles have thicker walls and contract much more forcefully. The left ventricle contracts with more force than the right ventricle since it needs to pump blood to the entire body. 

· The heart contracts and a rhythmic cycle called the cardiac cycle.

· When the heart contracts, it pumps blood; when it relaxes, its chambers fill with blood. 

· The contraction phase is called systole, and the relaxation phase is called diastole. 

· The volume of the blood each ventricle pumps per minute is called the cardiac output. Two factors:

· Rate of contraction, or heart rate (beats per minute)
· stroke volume, the amount of blood pumped by a ventricle in a single contraction. 

· Four valves prevent backflow and keep blood moving in the right direction. Made up of connective tissue, valves open when pushed from one side and close when pushed from the other. 
· Atrioventricular (AV) valves lie between each atrium and ventricle. 

· Pressure generated by contraction of the ventricles closes the AV valves, preventing blood from flowing back into the atria. 
· Semilunar valves are located at the two exits of the heart: where the aorta leaves the left ventricle and where the pulmonary artery leaves the right ventricle. 

· Pushed open by pressure generated from contraction of ventricles. 

· Relaxation of ventricles closes the semilunar valves and prevents backflow. 

· If blood squirts backward through a defective valve, it may produce an abnormal sound called a heart murmur. 

· Maintaining the heart's rhytmic beat 

· Some cardiac muscle cells are autorhythmic, meaning they can contract and relax repeatedly without any signal from the nervous system. 

· The sinoatrial (SA) node sets the rate and timing at which all cardiac muscle cells contract.

· It is autorhythmic and is located in the wall of the right atrium, near where the superior vena cava enters the heart. 

· Some arthropods have SA nodes located in the nervous system, outside the heart. 

· Produces electrical impulses. Since cardiac muscle cells are electrically coupled through gap junctions, impulses from the SA node spread rapidly throughout heart tissue. 

· Impulses from the SA node spread rapidly through the walls of the atria, causing both atria to contract in unison.  

· When the atria contracts, the impulses originating at the SA node reach other autorhythmic cells located in the wall between the left and right atria. The cells form a relay point called the atrioventricular (AV) node. 

· The impulses at the AV node are delayed by about 0.1 seconds before spreading to the heart so that the atria can completely empty. 

· The signals from the AV node are sent through the bundle of His, nodal tissue that passes down between both ventricles and then branches into the ventricles through the Purkinjie fibers. This impulse results in the contraction of the ventricles.

· Physiological cues can later heart tempo by regulating the SA node. 

· The parasympathetic and sympathetic nervous systems are largely responsible for this. 

· Sympathetic nervous system speeds up SA node and heartbeat, and the parasympathetic nervous system slows down SA node and heartbeat. 

· Body temperature affects SA node. 

· An increase in 1 degree Celsius increases heart rate by 10 beats per minute.
Blood Vessels
· Blood vessel structure 

· Blood vessels contain a central lumen (cavity) lined with an endothelium, a single layer of flattened epithelial cells.

· The smooth surface of the endothelium minimizes resistance to the flow of blood 

· Capillaries are the smallest blood vessels and have very thin walls, which consist of an endothelium and a surrounding extracellular layer called the basal lamina. 

· Exchange of substances between blood and the interstitial fluid only occurs in capillaries because the walls are thin enough to permit this exchange. 

· The walls of arteries and veins have more complex organization than those of capillaries. 

· The outer layer is connective tissue that contains elastic fibers, that provides strength. 

· The layer next to the endothelium contains smooth muscle. 

· The walls of arteries are thick and strong, accommodating blood pumped at high pressure by the heart and are elastic. 

· Veins have a thinner wall than arteries. Also contain valves which maintains a unidirectional flow of blood. 

· Blood flow velocity 

· The velocity of blood slows as it moves from arteries to arterioles to the much narrower capillaries. 

· TOTAL cross sectional area is inversely proportional to velocity. 

· As capillaries have the highest total cross sectional area, velocity is lowest. 

· The larger the blood vessel, the lower the total cross sectional area, and the higher the velocity (arteries > arterioles and veins > venules)

· Blood pressure 

· Contraction of a heart ventricle generates blood pressure, which exerts a force in all directions. 

· Arterial blood pressure is highest when the heart contracts during ventricular systole. The pressure at this time is called systolic pressure. 

· The rhythmic bulging of the artery is the pulse. 

· During diastole, the elastic walls of the artery snap back. As a consequence, there is a lower but still substantial blood pressure when the ventricles are relaxed. Th sis the diastolic pressure. 

· Regulation of blood pressure 

· As the smooth muscles in the arteriole walls contract, the arterioles narrow, a process called vasoconstriction. This increases the artery blood pressure.

· When the smooth muscles in the arteriole relax, the arterioles undergo vasodilation, an increase in diameter that causes blood pressure in the arteries to fall. 
· Nitric oxide is the major inducer of vasodilation and endothelin, a peptide, is the major potent inducer of vasoconstriction. 

· Capillary function 

· Given that capillaries lack smooth muscle, how is blood flow in the capillary beds altered?

· One mechanism is constriction or dilation of the arterioles that supply capillary beds. 

· A second mechanism involves precapillary sphincters, rings of smooth muscle located at the entrance to each capillary bed. 

· These sphincters regulate and redirect the passage of blood into particular sets of capillaries. 

· Two opposing forces control the movement between the capillaries and the surrounding tissues:
· Blood pressure tends to drive fluid out of the capillaries 

· the presence of blood proteins tend to pull fluid back. The dissolved proteins in the blood generates osmotic pressure 

· Blood pressure > osmotic pressure, so this leads to a let loss of fluid from the capillaries.

· The net loss is generally greatest at the arterial end of these vessels, where the blood pressure is highest. 
· Double capillary beds occur in the glomerulus, around the loop of henle, small intestine, liver, hypothalamus, and anterior pituitary gland. The capillary bed pools into another capillary bed without first going to the heart (transports products in high concentration without spreading to the rest of the body) 

· Capillary bed 1 drains into the portal vein and capillary bed 2 drains into vein that returns to the heart 

· Fluid return by the lymphatic system 

· The lost fluid and proteins return to the blood via the lymphatic system, which includes a tiny network of vessels intermingled among capillaries of the cardiovascular system, as well as larger vessels into which small vessels empty.

· After entering the lymphatic system by diffusion, the fluid lost by capillaries is called lymph; its composition is about the same as that of the interstitial fluid. 

· The lymphatic system drains into large veins of the cardiovascular system at the base of the neck. 

· Lymph vessels have valves to prevent backflow

· Along a lymph vessel are small, lymph-filtering organs called lymph nodes, which play an important role in the body's defense. 


· Contains phagocytic cells (leukocytes) that filter the lymph and serve as immune response centers. 
Blood components
· Blood composition and function 

· Blood is 55% plasma and 45% other cellular components. 

· Vertebrate blood is a connective tissue of consisting of cells suspended in a liquid matrix called plasma. 

· Many of the dissolved solutes are inorganic ions sometimes referred to as electrolytes. 

· Some ions buffer the blood

· Some ions maintain the osmotic balance of blood 

· Affects the composition of the intersitial fluid 

· Plasma proteins acts as buffers against pH and helps maintain the osmotic balance 

· Contains nutrients, metabolic wastes, respiratory gases, and hormones. 

· Has a much higher protein concentration than interstitial fluid, although the two fluids are otherwise similar. 

· Cellular elements 

· Red blood cells, or erythrocytes, are by far the most numerous blood cells. The main function is oxygen transport. 

· Contains hemoglobin, an iron-containing protein that transports oxygen (up to 4 molecules per molecule). 

· Lacks organelles and a nucleus to maximize hemoglobin content. 

· White blood cells are leukocytes. Their function is to fight infections. 
· Diapedesis is the process by which white blood cells become part of the interstitial fluid (slip through endothelial lining) 
· Platelets are pinched-off cytoplasmic fragments of specialized bone marrow cells. Functions in blood clotting.

· Derived from megakaryocytes. 

· Blood clotting 

· Platelets adhere to exposed collagen of damaged vessel and cause neighboring platelets to form the platelet plug (temporary sealing the break in the vessel wall). 

· Both the platelets and damaged tissue release clotting factor called thromboplastin. 

· Thromboplastin converts inactive plasma protein prothombrin to thrombin
· Thrombin converts fribrinogen into fibrin 

· Fibrin threads coat damaged area and trap blood cells to form a clot. 

· Fetal circulation 

· oxygenated, nutrient-rich blood from placenta is carried to fetus via umbilical vein 

· Blood bypasses the liver through the ductus venosus. The ductuc venosus provides a direct communication between the umbilical vein and the inferior vena cava. Oxygenated blood from the ductus venosus combines with the deoxygenated blood in the inferior vena cava and continues to the heart. 

· Blood travels to the fetus heart through the inferior vena cava and mixes with deoxygenated blood returning from the superior vena cava. Blood then enters the right atrium of the heart. 

· Because fetal lungs are not functional, most blood will bypass the right ventricle and be shunted to the left atrium via the foramen ovale. Blood will then travel into the left ventricle and be distributed throughout the fetal body via the aorta. 

· Some blood will enter the right ventricle from the right atrium and proceed to the pulmonary trunk. However, most of this blood will be shunted away from the pulmonary arteries and into the aorta via the ductus arteriosus. 

· Blood circulates through the fetal body and returns to the placenta via the umbilical arteries. These arteries are also carrying deoxygenated blood back to the placenta. 

· The placenta reoxygenates blood returning from the umbilical arteries and repeats the fetal cardiovascular cycle by recycling the newly oxygenated blood to the fetus through the umbilical vein.
