Chapter 42

I.  Circulation in Animals

A.  Transport Systems

1.  diffusion is insufficient over a few mm; takes time to move substances; the circulatory system prevents substances from having to diffuse far

B.  Gastrovascular Cavity 
1.  organisms with gastrovascular cavities (GVC) generally have body plans suitable for diffusion
a.  cnidaria- since cnadarians are only 2 cell layers thick, diffusion can occur with substances from the outside environment
b.  flatworms-flat shape and branching GVC allows diffusion for short distances

2. circulatory systems
a.  3 components for both open and closed
1)  blood- circulatory fluid
2)  blood vessels- a set of tubes thru which blood moves
3)  heart- a muscular pump which propels blood
b.  open circulatory system (arthropods, most molluscks)-no distinction between blood and interstitial fluid; called hemolymph; a heart(s) pumps hemolymph into spaces surrounding organs called sinuses, where exchange of gases and nutrients occur; when the heart contracts, it sends hemolymph thru vessels into sinuses; when the heart relaxes, it draws hemolymph into the circulatory system thru pores called ostia

c.  closed circulatory system (vertebrates, cephalopods, earthworms)-a heart (s) pumps blood, which is confined to vessels and separate from interstitial fluid

C. Closed Cardiovascular System 
1.  includes the heart, which has several chambers
a.  atria-located superiorly, receive blood

b.  ventricles-inferior chambers which pump blood out of the heart
2.  blood vessels- distinguished by direction of blood flow, not oxygenation
a.  arteries-carry blood away from heart

b.  arterioles-small arteries which carry blood to capillaries

c.  capillaries-network of thin, porous vessels where exchange occurs

d.  venules-small veins which carry blood from capillaries to veins

e.  veins-carry blood to heart

3.  organisms w/high metabolic rates have more complex circulatory systems and more powerful hearts, allowing for passage of highly oxygenated blood
4.  fish heart 
a.  contains 2 chambers; 1 atria, 1 ventricle; blood pumped from the ventricle travels to the gills (gill circulation), exchanges CO2 for O2 at the capillaries; oxygenated blood is sent to a large vessel to capillaries thru the rest of the body (systemic circulation); deoxygenated blood travels from capillaries to a vein to the atria 
b. considered single circulation since blood moves from gills to other organs without being pumped a second time

5.  amphibian heart

a.  3 chambers; 2 atria, 1 ventricle; a ventricle pumps blood into a forked artery sending blood into pulmocuatneous and systemic circulation
1)  pulmocutaneous circulation leads to capillaries in the lungs and skin where it exchanges CO2 for O2; blood is returned via a vein to the left atrium
2)  systemic circulation-blood is pumped from the ventricle to an artery to systemic capillaries, exchanging O2 for CO2; deoxygenated blood is returned via veins to the right atria back to the ventricle

3)  mixing of O2 rich and O2 poor blood in ventricle; a ridge diverts most O2 rich blood to systemic circulation and O2 poor blood to pulmonary circulation
4)  considered double circulation since blood is pumped once to the lungs/skin, and once to the rest of the body

6.  most reptiles-3 chambered heart; 2 atria, 1 ventricle; less mixing of O2 rich and O2 poor blood than in amphibians, since the ventricle is partially divided
7.  crocodiles, alligators, birds, mammals-ventricle completely separated so mixing of blood does not occur; left side of the heart pumps O2 rich blood, while the right side receives O2 poor blood
8.  the 4 chambered heart is an adaptation for endotherms, such as birds and mammals, which use more energy than equal sized ectotherms; efficient circulatory systems needed to deliver nutrients and oxygen 

9.  the 4 chambered heart evolved from different reptilian ancestors; it is an example of convergent evolution for birds and mammals
D.  Double Circulation in Mammals

1.  right ventricle (O2 poor blood) pumps blood to the pulmonary arteries, then pulmonary capillaries, where exchange of CO2 for O2 occurs (in the alveoli of the lungs). O2 rich blood is sent to pulmonary veins, to the left atria of the heart, to the left ventricle, which pumps blood into systemic circulation.  Blood is pumped to the aorta, the largest artery of the body, to arteries (including the coronary artery, which sends blood directly to the heart), to arterioles, and to systemic capillaries, where exchange of O2 for CO2 occurs (in tissue).  O2 poor blood is sent to venules, to veins (inferior vena cavae, superior vena cavae, and coronary sinus), to the right atrium, then right ventricle….
2.  mammalian heart

a.  size of fist (human); composed of cardiac muscle

b.  atria-thin walls; ventricles thicker, esp lt ventricle

c.  cardiac cycle-seq of pumping and filling; contraction, relaxation

1)  systole-contraction

2)  diastole-relaxation

3)  cardiac output-amount of blood pumped from lt ventricle in 1 min

4)  heart rate-# beats per min

5)  stroke volume-amount of blood pumped from lt ventricle per contraction

6)  CO=HR x SV; inc during exercise

d.  valves-prevent backflow

1)  atrioventricular (AV) valve-btwn atria and ventricle; controlled by fibers attached to muscle

a)  ventricular pressure from contraction closes valves

2)  semilunar (SL) valves-closes aorta and pul trunk

a)  ventricular pressure from contraction opens valves

e.  pulse-rhythmic stretching of arteries due to pressure from ventricular contraction; can meas HR

f.  ”lub-dup” sound

1)  lub-closing of AV valves

2)  dup-closing of SL valves

3)  heart murmur-defect in valves; possible backflow

3.  maintaining rhythmic beat

a.  some cardiac cells self-excitable; most contractile

1)  sinoatrial (SA) node-pacemaker; sets rate and timing of HR; rt atrium (near SVC entrance)

a)  can be influenced by by nerves or hormones

i.  epi-  inc heart rate and force of contraction

ii.  fever and exercise-inc HR

2)  atrioventricular (AV) node- impulses from SA node spread here; impulse delayed to allow for complete contraction and emptying; btwn rt atrium and rt ventricle

3)  EKG or EKG (electrocardiogram)-detect elec currents conducted thru body fluids in skin

E.  Structural Diff Correlate W/Function

1.  arteries and veins have 3 similar layers

a.  tunica externa-connective tissue and elastic fibers; support

b.  tunica media-smooth muscle and elastic fibers; diameter changes

c.  tunica intima-endothelium-single layer of flattened cells; minimizes resistance

2.  cap-1 layer-allows exchange

3.  arteries-thicker tunica media-accommodates high pressure from heart

4.  veins-thinner walls, larger lumens, valves

F.  Physical Laws Govern Movement

1.  blood flow velocity

a.  normally, smaller diameters allow higher pressure and faster movement, but blood travels slower in cap than arteries; the higher the cross sectional area, the slower the velocity; slower flow allows time for diffusion; velocity inc at venules and veins

2.  blood pressure

a.  hydrostatic pressure-pressure a fluid exerts on a wall- bp

b. bp higher in arteries than veins

c.  bp highest during ventricular systole-systolic pressure; when heart contracts, blood enters arteries faster than it can leave; vessels stretch from pressure

d.  peripheral resistance-impedance by arterioles

e.  diastolic pressure-still pressure during diastole

f.  normal bp in human 120/80

g.  bv constriction inc resistance, inc pressure; dilation dec resistance, dec pressure; can be controlled by neural stimuli or hormones

h.  CO adj w/demands on body

1)  exercise-arterioles in muscle dilates to allow more O2 rich blood; would dec bp were it not for inc CO

2)  gravity-need modifications to bring blood back to heart (inc pressure), but still be able to reduce pressure when needed

i.  most pressure dissipated by the time it reaches veins; low pressure

1)  muscular and respiratory pump help bring blood to heart

G.  Transfer of Substances at Cap

1.  blood flow through cap

a.  blood flow in some areas varies according to body needs; blood shunted to muscle during exercise using vasodilation or precapillary sphincters

2.  cap exchange

a.  small, lipid soluble particles diffuse across endothelium (O2, CO2); larger molecules either shuttled or diffuse btwn intercellular clefts

b.  hydrostatic pressure in cap pushes fluid thru intercellular clefts into interstitial space causing net fluid loss at arteriole end of cap; opposed by colloid osmotic pressure  (exerted by large nondiffusable particles like albumin); this pulls fluid from interstitial space to cap at venous end; about 1.5L still left in interstitial space; returned to heart by lymphatic cap

H.  Lymphatic Sys

1.  lymphatic cap return interstitial fluid-lymph

2.  similar structure to veins 

3.  lymph nodes-filter lymph; destroy microbes

I.  Blood

1.  plasma-liquid matrix

2.  centrifuge

a.  plasma-55%

1)  90% water

a)  ions (electrolytes)- contraction, buffer

b)  proteins-buffers, maintain osmotic balance, shuttle substances, immunity, clotting

c)  other substances-waste, CO2, hormones

b.  buffy coat-1%; platelets and leukocytes

1)  platelets-fragments; clotting; no nuclei

2)  leukocytes-wbc-immunity

c.  erythrocytes-45%; hematocrit

1)  biconcave discs; large surface area for diffusion of O2 for transport; no nuclei

2)  more space for hemoglobin-4 chains, each w/a heme and Fe in center; O2 binding

a)  may bind NO which may also be released w/O2 in cap, causing vasodilation to allow better diffusion of O2 to cells

3)  lack mitochondria and gen ATP anaerobically; prevents using O2 for self metab

3.  stem cells

a.  all cellular elements formed from pluripotent stem cells in red marrow (girdles, breastbone, epiphysis)

b.  pluripotent-can diff into any blood cell depending on stim signal

c.  erythropoietin-prod by kidneys if O2 conc low; inc prod of rbc

d.  cellular elements phagocytized or undergo apoptosis-programmed cell death; other elements recycled-hemoglobin, Fe

4.  blood clotting

a.  inactive fibrinogen converted to fibrin by thrombin; fibrin forms threads for clotting

b.  hemophilia-defect in clotting process

c.  thrombus-clot

J.  Cardiovascular Diseases

1.  cardiovascular disease-diseases of heart and bv

2.  heart attack-death of cardiac tissue due to ischemia

3.  stroke-death of nervous tissue due to rupture of blockage

4.  both may result from thrombus or embolus

5.  embolus- thrombus that breaks off

6.  atherosclerosis-plaque dev which dec diam of bv

7.  arteriosclerosis-hardening by Ca deposits

8.  angina pectoris-chest pains due to ischemia

9.  hypertension-high bp; may cause small tears in endothelium, causing platelet aggregation and formation of fibrous tissue leading to arteriosclerosis; dec diam of bv inc pressure causing heart to work harder eventually weakening it

a.  may be controlled by diet, exercise, meds

b.  may be genetic or environmental factors-race, sex, diet, cholesterol

c.  high LDL assoc w/cholesterol deposits in plaque; HDL-“good cholesterol”

