
The Heart and Blood

Describe the composition of blood (plasma and formed elements) 

Describe the structure and function of RBCs; structure and properties of hemoglobin 

- only fluid tissue in body (both cellular and liquid components) 

· pH 7.35-7.45, 38°C, 5-6L in males, 4-5L in females, 8% of body mass, red, metallic taste
· Functions:
· Distribution (oxygen, nutrients, metabolic wastes , hormones)
· Regulation (maintains appropriate body temp, normal pH adequate fluid volume)
· Protection (prevents blood loss, prevents infections- antibodies, WBCs)
· formed elements= living blood cells
· erythrocytes (RBC’s)- transport gasses 
· no nuclei or organelles
· biconcave disks→huge surface area compared to volume to transport gasses 
· contain spectrin→gives them their flexibility and allow them to change shape 
· Filled with hemoglobin (protein in gas transport)
· hemoglobin is enclosed as to not damage any tissues or kidneys
· hb composed of globin→2 alpha & 2 beta chains each bound to heme group 
· heme group bears an atom of iron which can bind to 1 O2 molecule ∴ each hb molecue can carry 4 O2 molecules
· oxyhemoglobin= hb bound to O2
· deoxyhemoglobin= hb after O2 diffuses into tissues
· carnaminohemoglobin= hb bound to CO2 (binds to peptide backbone not heme) 
· hematopoiesis= blood cell formation in red bone marrow( ex. humorous and femur, axial skeleton and girdles (produces 30mL/day) 
· hemocytoblasts= stem cells 


- erythropoeiesis= hemocytoblast→proerythroblast→ribosome synthesis →hemoglobin 

  

     accumulation→ejection of nucleus (reticulocyte) →erythrocyte
· erytheropoeisis is hormonally controlled, dependent on iron, amino acid and vit.B supply
· too few RBC’s→tissue hypoxia, too many→undesirable blood viscosity
· hormone erythropoietin (EPO) is triggered by demand for O2, released from kidneys which signals red bone marrow to make more RBC’s via erythropoiesis 
· erytheropoiesis requires proteins, lipids, carbs, iron, vit B12, folic acid→dietary
· life span of RBC is 100-120 days,become rigid and fragile, and Hb degenerates
· spleen= RBC graveyard, engulphed by macrophages
· heme→bilirubin→liver secretes as bile, intestiines metabolize it →leaves body in feces
· globin metabolized to amino acids 



- iron, stored in bone marrow, liver, spleen→stored in ferritin, hemosiderin 


(protein complexes) and transferred in transferrin (since loose Fe is toxic) 
· hb spilled from RBC’s in the blood is phagoctized to avoid toxic buildup of O2
· Anemia= abnormaly low O2 carrying capacity (symptom rather than disease)
· symptoms include fatigue, paleness, shrotness of breath, chills, etc.
· can often be treated by blood transfusion 


-Polycythemia- excess RBCs, increase blood viscosity and O2 carrying capacity


- leukocytes (WBCs)- protect the body

· Platelets- stop bleeding
· fragments of megakaryocytes, formation regulated by thomopoietin
· contain clotting factors and enzymes
· create temporary plug for blood vessel ruptures 
· lifespan= 10 days
· development: 



hemocytoblast→megakaryoblast→(mitosis without cytokinesis) 


→megakaryocyte→squeezes through sinusoid where it ruptures releasing 



platelets into bloodstream
- Hemostasis: 

↳3 phases: 
· vascular spasms (reduces amount of blood lost and increases [clotting factors])
· platelet plug formation 
· coagulation (blood clotting)
· blood liquid→gel
· intrinsic pathway: regulates clotting outside of body or in slightly damaged vessel, triggered by negatively charged surfaces (platelets, collagen, glass), factors needed for clotting are present in the blood, slower
· extrinsic pathway: clotting associated with body and vessel damage and release of tissue factor, triggered by exposing blood to a factor found in tissues underneath damaged endothelium, tissue factor it requires is outside blood, faster
	Phase 1 
	Phase 2 
	Phase 3 

	Involves a series of procoagulants
	Prothrombin activator catalyzes the reaction of Prothrombin (protein) to thrombin (enzyme) 
	Thrombin catalyzes the reaction of fibrinogen (soluble clotting factor) into fibrin

	each pathway cascades towards factor X
	
	fibrin molecules join together to form insoluble fibrin strands

	Once factor X is activated, it complexes with Ca, PF3 and factor Va to form prothromnin activator
	
	fibrin strands glue platelets together, makes a web that traps formed elements

	
	
	in presence of Ca, thrombin activates fibrin stabilizing factor that cross links the fibrin strands and stabilizes the clot


· anticoagulants= factors that inhibit clotting, dominate in normal blood flow
· clot retraction= contractile proteins in platelets contract and pull fibrin strands which release serum, compacting the clot
· Repair= PDGF (platelet derived growth factor) stimulates fibroblasts to rebuild vessel wall forming a connective tissue patch
· clot removal (fibrinolysis):
· fibrin clot is digested by Plasmin- plasminogen is present in clots. When endothelial cells secrete tPA (because of clot), and activates plasminogen→ plasmin 

- clots are prevented form becoming too large by:



-removing clotting factors with normal blood flow



-  inhibition of clotting factors




- fibrin acts as anticoagulant (binds thrombin and prevents its + feedback 



effects on coagulation)

· undesirable clotting is prevented by smooth endothelial lining of vessels, antithrombic 
substances (NO, Heparin, etc.) and vitamin E (potent coagulant) 
Hemostasis disorders: 

· thrombus= clot in unbroken vessel
· can block circulation= tissue death 
· Embolus= thrombus freely floating in blood stream
· undesirable clots can be prevented by asprin, heparin, and Warfarin 
· Thrombocytopenia= # circulating platelets is defficient 
· Hemophelia- lack of clotting factors 
· plasma= nonliving fluid matrix
· composed of water, proteins, gasses(CO2 and O2), nutrients (glucose, amino acids), hormones, wastes (urea, lactic acid) and electrolytes/ ions (Na, K, Ca) 
Differentiate among the various blood types and explain the basis of transfusion 

- whole blood transfusions used when blood loss is substantial, and in treating bone marrow damage (thrombocytopenia) 

-packed RBCs are used to treat anemia (improves O2 carrying capacity)

-glycoprotein antigens on external surfaces of RBCs→ unique to the individual, recognized as foreign if transferred to another individual, called agglutinogens because they agglutinate (clump together and destroy)
** aglutinogens= on exterior of cell

** agglutinins = antibodies in plasma

-ABO blood groups

· 2 antigens (A and B), 2 antibodies in plasma (anti-A and anti-B) 
· AB (A and B antigens, and no plasma antibodies)- universal recipient
· B (B antigens, anti-A plasma antibodies)- can only receive B and O blood types 
· A (A antigens, anti-B plasma antibodies)- can only receive A and O blood types 
· O (no antigens, anti-A and anti-B antibodies) - universal donor, can only receive O blood
-RH blood group 

· RH+(carry D antigen) or RH- (do not) 
· anti-RH antibodies are not spontaneously formed in RH- people, after first exposure immunity is developed and in the following transfusions, body will reject the blood ex. Rh- mother carrying Rh+ baby. 
· Transfusion reactions- when mismatched blood is infused
· donors cells attacked by recipients plasma agglutinins: causes diminished O2 carrying capacity, clumped cells which affect blood flow, and ruptured RBCs that release free hemoglobin (causes renal failure in kidneys) 
Describe the internal and external anatomy of the heart

· 2 side by side pumps
· located within the mediasinum (rests on superior surface of diaphragm, in-front of spinal column, behind sternum, left of midline, from 2nd to 5th rib)
· 3 layers: 
· pericardium (outer sac, double walled sac) 
· fibrous pericardium- superficial tough dense connective tissue
· parietal layer of serous pericardium- thin slippery 2 layer membrane, parietal layer lines fibrous pericardium
· pericardial cavity- filled with serous fluid to prevent friction in working heart 
· epicardium (visecral layer of serous pericardium)
· functions: protects and anchors heart, prevents overfilling, allows friction free beating
· myocardium (muscle) 
· branching muscles cells arranged in bundles→link all the parts of the heart together, directs the spread of AP across the heart
· Fibrous skeleton of the heart: collagen and elastic fibers, anchors cardiac muscle fibers, insulation (not electrically excitable), and provides support for vessels 
· endocardium (inner lining) 
· continuous with vessels leaving/entering the heart, lines heart chambers
· 4 chambers 
· 2 atria (above), 2 ventricles (below) -- interarterial septum separates atria, interventricular septum separates ventricles
· Atria: 
· receiving chambers of heart
· each atria has a auricle (protrutruding appendage that increases the arterial volume) 
· Pectinate muscles are found in atrial walls
· Ventricles:
· discharging chambers of heart
· bigger, thicker walls, do most of the contracting/pumoing 
· trabeculae carneae and papilary muscles(valves) line the walls of the ventricles
· left ventricle much larger than right ventricle- needs more force to push blood throughout body
Trace the pathway followed by blood in both the pulmonary and systemic circuits

blood enters right atrium via the superior vena cava, the inferior vena cava and the coronary sinus 

↓

blood in the right atrium flows through the tricuspid valve into the right ventricle

↓ Ventricle contracts

blood is forced through the pulmonary semilunar valve through the pulmonary trunk/arteries and into the lungs

↓Dumps CO2, picks up O2

the oxygenated blood returns to the left atrium via the pulmonary veins 

↓Atrium contracts

From the left atrium, the blood if [image: image1]forced through the bicuspid valve into the left ventricle

↓Ventricle contracts 

the blood if forced through the aortic semilunar valve and through the aorta where it is pumped into the systemic circulation throughout the body

-pulmonary circuit= blood vessels that carry blood to and from the lungs (right side of heart) 

· systemic circuit= blood vessels that carry the functional blood supply to and from all body tissues (left) 
** it is only in the veins and arteries of the pulmonary circuit where arteries carry O2 poor blood and veins carry O2 rich blood, everywhere else is the opposite 

** in general, vessels that bring blood to the heart are veins, vessels that lead away from the heart are arteries

Describe the organization of the coronary circulation

· coronary circulation is the functional blood supply of the heart
· right and left coronary arteries come from aorta and envelope the heart 
· blood passes through the coronary sinus and the cardiac veins which empty into right atrium 
Heart Valves

· blood only flows one way, prevent back flow, “one way traffic” 
· 4 valves, open and close dependent on differences in blood pressure
· 2 AV(atrioventricular valves) -- active 
· prevents back flow of blood into atria when ventricles contract
· chordae tendinae (collagen fibers) attach to papialry muscles in ventricles- act as anchor
· right AV valve= tricuspid valve (3 flaps) 
· left AV valve= mitral/bicuspid valve (2 flaps) 
· as ventricles contract, back flow of blood pushes flaps closed
· 2 SL(semilunar valves)-- passive
· prevent back flow from pulmonary trunk and aorta back into ventricles
· 3 cusps shape like a half crescent
·  When ventricles contract, the valves are pushed open to allow blood to rush through and when the ventricles relax, the back flow of blood closes the flaps
** no valves in arteries leading into atria because during contraction the myocardium compresses and closes the entry points, some blood spurts out

Compare the physiological properties of cardiac muscle cells with those of skeletal muscle cells

	Cardiac muscle
	Skeletal muscle

	striated, short fat, branched, interconnected
	striated, long, cylindrical 

	intracellular spaces filled with capillaries and and fibrous skeleton (acts as insertion and tendon-- gives cells something to pull on and exert their force against) 
	

	cardiac muscles all connected via intercalated disks (desmosomes and gap junctions)-- behaves as single coordinated unit
	independent of one another structurally and functionally

	large and many mitochondria= high resistance to fatigue (20-40% of cell volume) , single/double nuclei 
	not as many mitochondria, less energy availability, mutlinucleate

	composed of typical sacromeres, but myofibrils vary in diameter and branch extensively to accommodate for mitochondria
	typical sacromeres, uniform striations 

	system for delivering Ca is simpler (no triads, smaller and fewer t tubules and terminal cristae) 
	more complex Ca delivery system

	some cells are self excitable- initiate their own depolarization- autorythmicity  
	each muscle must be stimulated by nerve ending

	heart either contracts as a whole or does not contract at all - gap junctions
	impulses don’t spread from cell to cell 

	absolute refractory period lasts nearly as long as the contraction-- prevents tetanic contraction which would stop heart beating
	very short refractory period

	aerobic metabolism, abundance of fuel type determines fuel used
	anaerobic metabolism, intensity determines fuel type


Compare the electrical properties of contractile cardiac muscle cells with those of autorhythmic cardiac muscle cells

Contraction in cardiac muscle:

1. depolarization occurs due to Na influx through fast voltage gated Na channels→positive feedback cycle rapidly opens many Na channels reversing the membrane potential. Phase ends when channels inactivate
2. plateau phase→due to Ca influx through slow Ca channels. Keeps cell depolarized because few K channels are open
3. repolarization due to Ca channels inactivating and K channels opening. This allows K efflux which brings the membrane potential back to its resting voltage
· property of heart to contract is intrinsic= does not depend on the nervous system
· Intrinsic conduction system= non contractile cardiac cells specialized to initiate and distribute impulses throughout the heart so that it depolarizes and contracts in an orderly sequential manner. 
· Autorythmic cells: unstable resting potential, create pacemaker potentials  

1. SA node has the fastest autorythmicity (sinus rhythm) ** pacemaker


2. AV node slight delay as impulse travels from SA node (like cars merging into one lane). 

-Av node has a fast enough pace to become the pacemaker if SA node is not 

functioning


3. Bundle of His/AV bundle- only electrical connection btwn atria and ventricles 


4. right and left bundle branches- AV bundle splits into these branches


5. Purkinje fibers- penetrate heart apex, then the ventricular walls

Pacemaker potentials: 

1. pacemaker potential- this slow depolarization is due to both opening of Na channels and closing of K channels
2. Depolarization- the AP begins when the pacemaker potential reaches threshold; due to Ca influx through Ca channels
3. repolarization due to Ca channels inactivating and K channels opening, allows K efflux which brings the membrane potential back to the most negative voltage
** SNS and PNS can override pacemakers

· cardiac centers located in medulla oblongata (cardioacceleratory centre- sympahetic nerves→sympathetic cardiac nerves, cardioinhibitory center- parasympathetic 
nerves→vagus nerves) 
** average heart beats 75 times/minute, intrinsic heart beat is 100 times/minute ∴ PNS dampens (vagal tone)
Explain what is an ECG tracing and the nature of the information it is providing

· ECG (electrocardiogram): composite of all APs at a given time
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· P wave atrial depolarization wave from SA node to atria
· PQ- impulse delayed at AV node
· QRS complex- ventricular depolarization, begins at apex, atrium repolarize
· ST- ventricles are completely depolarized 
· T wave- ventricular repolarization begins at apex
Explain the events occurring during each phase of the cardiac cycle

· Systole= contraction of heart (pumping out) 
· diastole= relaxation of heart (filling) 
· Cardiac cycle= atrial systole+ diastole → ventricular systole+ diastole
1. ventricular filling (mid to late diastole) pressure low, Patria> Pventricles, AV valves open, SL valves closed
· after 70% filling, AV valves begin to close (p wave and atrial systole), atrial pressure increases and final 30% of blood enter ventricles)→atrial diastole for rest of cycle
2. Ventricular systole (QRS complex and T waves)- ventricles begin to contract  and increased pressure closes AV valves. Period of isovolumetric contraction increases pressure and opens SL valves→ ventricular ejection 
3. Isovolumetric relaxation (early diastole)- ventricles relax, pressure decreases rapidly, back flow of aortic/pulmonary blood closes SL valves
4. Back to 1, atria continued in diastole and have been filling when Patria>Pventricles Av valves open and cycle repeats
** each cycle is 0.8 seconds long (0.1s atrial systole, 0.3s ventricular systole, 0.4s quiescent period- period of total heart relaxation)

Define cardiac output in terms of heart rate and stroke volume

· cardiac output= amount of blood pumped out by each ventricle in one minute
· stroke volume= volume of blood pumped out by one ventricle with each beat- correlated with ventricular contraction
· represents difference btwn EDV (amount of blood that collects in a ventricle during diastole) and ESV (volume of blood remaining in ventricle after contraction) 
- Heart rate is determined by rate of spontaneous depolarization of SA node, can be affected by: 

· autonomic fibers innervating SA node
· circulating hormones (eg. epinepherine)-- enhances HR and contractility
· plasma electrolyte concentration
· body temp (cold directly decreases HR) 
Describe in detail the mechanisms for the regulation of heart rate & stroke volume
· Preload= degree to which cardiac muscles are stretched just before they contract, length-tension relationship, resting= shorter than optimal length ∴ stretching can produce dramatic increase in contractile force.
· SV higher during exercise because increased sympathetic activity and squeezing of veins via skeletal muscles causes more venous return. 
· Contractility= contractile strength achieved at a given muscle length
· due to greater Ca influx- changes rate and strength
· results in ejection of more blood from heart, lower ESV
· increased sympathetic stimulation= increased contractility
· Afterload= pressure that must overcome for the ventricles to eject blood
· not a major determinant of stroke volume in healthy individuals
· is determinant of SV in people with high blood pressure, reduces ability of ventricle to eject blood ∴more blood remains in heart after systole
Regulation: 

1. sympathetic stimulation: NE increases rate of contraction and relaxation
2. drugs: increase heart contractillity
3. parasympathetic nervous system: Ach antagonizes sympathetic stimulation
** age, gender, exercise and body temp also influence heart rate

Heart sounds: 

1st sound- closure of AV valves

2nd sound- closure of semilunar valves

heart murmurs due to valvular obstruction or valvular insufficiency (leakage of blood) 

Insufficient # of RBC�
low hb content�
abnormal hb�
�
hemorrhagic anemia- acute blood loss�
iron deficiency anemia- effect of hemorrhaggic, or dietary cause�
Thalassemias- absent or faulty globin chain in Hb�
�
hemolytic anemia- prematurely ruptured RBCs�
Prenicious anemia- deficiency of B12 �
Sickle-cell anemia- one amino acid substitution, causes RBCs to change shape and stiffen in O2 defficient situations. �
�
Aplastic anemia- destruction/inhibition or red bone marrow�
�
↳ Sickle cell anemia gene protects against malaria, common in african pop. �
�










