PAGE  
1
Nedwidek, MN

12/3/13


Circulation notes: Nedwidek December 3-6 & 9, 2013.  Junior bio.

AIM: What do we do to move nutrients, gases and waste to and from our tissues?

Vertebrate circulatory system functions connect to other systems as follows:

Distribute nutrients-digestive and respiratory

Transport waste-excretory

Drive hormone distribution-endocrine

Maintain homeostasis-endocrine/nervous

Maintain body temperature-endocrine/ respiratory

Maintain immunity- immune/lymphatic

Assist in clotting-lymphatic immune integument wound healing 

Replenish blood cells- immune/integument (bone marrow)

During cellular respiration oxygen is consumed by cells and CO2 is produced by cells. Lungs deliver 02 to cells and remove CO2 from cells via the bloodstream.  Appropriate blood oxygen levels promote aerobic cellular respiration and the generation of ATP by cells.

Systemic circulation consists of coronary supplying the heart, renal supplying the kidney, and hepatic portal supplying the liver.  Pulmonary circulation operates between the heart and the lungs.

Right side of heart-deoxygenated blood.

Left side of heart-oxygenated blood.

-Muscular chambers of the vertebrate heart separate blood; right and left ventricle separate deoxygenated and oxygenated blood , respectively.

-Arteries carry blood away from heart always.

-Veins carry blood toward heart always.

-The right atrium and ventricle of the heart govern pulmonary circulation of deoxygenated blood; After gas infusion by lungs pulmonary veins supply the left atrium of the heart with oxygenated blood-This is not intuitive-pulmonary vein is the exception to systemic veins moving deoxygenated blood.  Lungs receive deoxygenated blood from the pulmonary artery carrying it away from the heart-->Blood enters the lungs--> becomes oxygenated--> then enters the pulmonary veins, carrying it towards the heart.

-The left Atrium and ventricle of the heart govern systemic circulation of oxygenated blood.

-The left ventricle outlets to the aorta, supplying the body with coronary, renal, and hepatic portal circulation.

-Important concept: when you face the heart,  left of heart is on your right and right of heart is on your left.

Please draw this diagram below schematizing the human heart from Kraus page 229. Have it with you throughout the unit on circulation.

Key: Oxygenated =pink deoxygenated= Blue or purple

Next lesson outlines animal circulatory systems.

AIM: What is circulation and how do vertebrate and invertebrate organisms accomplish it?

Nutrients and gases and wastes are moved by circulation:

Primarily,  invertebrate Circulatory systems are open. examples of invertebrates  with open systems are mollusks and bugs.  The blood Equivalent is the hemolymph. The cavity is the hemocoel.  This type of system just pushes fluid around. Annelid worms are the exception to this  invertebrate rule because they have closed circulatory systems.

Primarily vertebrate circulatory systems are closed.  Examples of Vertebrate organisms with closed circulatory systems are primates and birds.  Closed systems are more tightly regulated and use blood.  the difference is that this type of closed system does not just push fluids from tissue to tissue or parts of tissues.  closed systems have clearly defined vessels and tight regulation.

Major similarities between closed and open systems is that both use a heart but the major difference is that closed systems are more efficient.  

Worms and humans have in common a closed system:

- In worms the aortic arches equal the heart. Closed systems for invertebrates are an exception.
-In humans, The four chambered heart separates oxygenated and deoxygenated blood.

Complexity levels:

Fish[Two chambered heart]-->amphibians[Three chambered heart]-->reptiles[Three chambered Heart]-->birds[Four chambered heart]-->Primates/us [Four chambered heart]

-Evolution of a four chamber heart occurred to more efficiently sequester 02 to deliver it to tissues.

Aim: How do blood vessels, valves, and the chambers of the heart control blood flow?

The following question answers are covered in the lesson below.  You should've encountered them in your homework assignment on circulation.

Dn: 1) what is the inconsistency between pulmonary arteries and pulmonary veins? 2) what separates the left and right sides of the heart?3) contrast blood flow direction in arteries and veins? 4) what is blood pressure measured as? 5) What did William Harvey do?

Blood vessels:

Capillaries: super thin, one Cell thick, Deliver blood to tissues.

Arteries and arterioles: Carry blood away from heart. "A" for Arteries Away.

Veins and venules: Carry blood toward heart And therefore oppose arteries in the direction of flow; They have valves to prevent backflow.  When valves fail , this causes varicose veins.

-Arteries usually carry oxygenated ; veins usually carry deoxygenated blood.

-Exceptions: Pulmonary veins are the only veins that carry oxygenated blood - most other veins carry deoxygenated blood.  Pulmonary arteries carry deoxygenated blood ; most arteries transport oxygenated.

-Color of blood is determined by oxidation state of iron in hemoglobin.

-The vena cava is the major Vein delivering deoxygenated blood from the body.

-The aorta is the major artery delivering oxygenated blood to the body.

-Pressure in blood vessels: Pressure is greater in arteries and veins because arteries are closer to the heart and therefore feel the pumping action; On the other hand veins carry blood more slowly against gravity toward the heart And therefore sustain lower pressure.

William Harvey established the direction of blood flow in major blood vessels and elucidated the difference between pulmonary and systemic circulation. Draw a diagram of Harvey's Findings below:

-The separation of oxygenated and deoxygenated blood is critical to Efficient survival.

-William Harvey was active in the 17th century; He showed that veins carry blood toward and arteries away from the heart.

-Previously Galen's predominating idea that all circulatory systems were open Had taken hold. The idea Was that blood ebbed and flowed without direction.

-Harvey challenged authority: he did a dissection experiment (see diagram) on rabbits. 

-Wherever an artery is cut, blood spurts out at a high pressure from and near the heart, reflecting the artery flow from the heart. 

-Wherever a vein is cut, blood flows slowly (due to valves) from the end farther from the heart inward or toward the heart.

-Capillaries were harder to study malpighi discovered them in 1661; He had to wait for instruments Small and sophisticated enough to do the studies.

As previously stated the types of circulation are as follows:

Pulmonary: 

-Travel of blood between heart and the Lungs.

Systemic: 3 types:

-Coronary: supplies blood to the heart ; needed to Nourish it.

-Renal: supplies blood to the kidneys.

-Hepatic portal supplies liver with nutrients; receives oxygenated blood from the aorta.

Heart chambers and valves:

Chambers:

Atria : blood into these chambers (upper)

Ventricles : blood out of lower chambers from the atria

Valves: Why on veins, not arteries?
regulate the flow one way : aud 552, towle 932.  Know your valve types including mitral valve.
A/V: Atrioventricular

S/L: Semi lunar (Half Moon)

2 A/V valves separate atria from ventricles; right is the tricuspid , left is the bicuspid or mitral.

2 S/L valves regulate flow from the ventricle to the vessel;  pulmonary is right, aortic is left.

Heart  Vessels:

Aorta: Major artery carrying blood from the hearts left ventricle (lv).

(Superior and inferior) Vena cava(e): Empty deoxygenated blood into the right atrium (ra).

Pulmonary artery: Leaves right ventricle (rv),  carries blood to lungs.  

Pulmonary vein: Returns oxygenated blood from lungs to left atrium (la), sends to lv.

Overall:

Left side: Blood to systems-systemic-coronary , renal , hepatic portal.

Right side: Blood to and from the lungs ( pulmonary)

Nodes: pacemakers
Control stimulus and timing; heart muscle contracts in syncytium; nodes stimulate Atria and ventricles to act together to prevent irregular heartbeat. Electronic stimuli or shocks Are needed to reestablish sinus rhythm internally or externally if heart hiccups.

SA sinoatrial node:  Right atrium : is considered pacemaker , makes both atria contract together.

AV atrioventricular node: Located in septum or wall between atria - delays ventricle contraction until ventricles fill with blood.  Baboom sound.

The cardiac cycle:

-This is a measure of atrial and ventricular contraction.

-Blood pressure (BP)= S/D or Systole/diastole. 

-Systole = heart ventricles contract and chambers pump.

-Diastole= Heart ventricles relax and Chambers fill.

-Diastole is always the lower of the two numbers.

ECG - electrocardiogram - measures heart rhythm.
Pulse oximetry (Pulse ox) measures a patient’s blood oxygen saturation.
Asystole irregular heartbeat can lead to heart attack.

Tachycardic rapid heart beat.

Bradycardic slow heartbeat.

Hypertension/high blood pressure (BP) And rapid heartbeat or irregular heartbeat are dangerous . why? Blood clots stop bloodflow.  Hi blood pressure and a blockage can lead to stroke.
Composition of blood:

-Blood Solids are cells.

-Blood liquid is plasma.

-Hemoglobin HB carries 02. RBCs are storehouses for 02.

Cells: mature from cyclic production of blood stem cells.  Serious blood disorders need marrow transplant
-RBC (red blood cells) (erythrocytes) contain no nucleus or are enucleated. Die eventually.
-WBC (white blood cells ) (Leukocytes) have a nucleus.  Types of white blood cells:

-Monocytes and neutrophils move through capillaries and ooze through cuts.

-Macrophages are suicidal phagocytes that Engulf  invaders by  Phagocytosis.

-Lymphocytes  are responsible for antibody (ab) production.

-Eosinophils target parasites.

-basophils inhibit blood clotting and secrete histamines.

-Platelets are broken megakaryocytes; they are essential for clotting.

Liquid:

Plasma is 90% water plus nutrients salts proteins and wastes.

Blood tests:

The hematocrit measures RBc.  Hi white cell counts indicate infections , also indicate cancers of the blood.

Major blood proteins:

Predominant:

-Albumin maintains osmotic pressure or ion levels.

-Globulin ( immunoglobulins ) drive immunity.

-Fibrinogen instigates clotting.

-Hemoglobin (HB ) located in RBC drives o2 carriage.

Secondary:

Major histocompatibility (MHC ) proteins present on surface of blood cells-Drive self-recognition.

Intro Blood chemistry and immunity:

-RBC and WBC are made by stem cells in the bone marrow.

-MHC presents from

Genes in developing stem cells/immune cells.

-Stem cells must be healthy to make healthy blood.  Leukemia and autoimmune disorders like lupus are blood diseases.

-One red blood cell lives 120 days.

-The liver cleans up and breaks down dead blood cells.  It acts as a filter. The disease cirrhosis impairs this. 

- Red blood cell numbers are controlled by hormone erythropoietin in response to oxygen levels. More 02 fewer RBCs made. Less 02 more RBCs made/Needed.

-Lance Armstrong doping controversy: Increased number of RBCs with Epoietin. But he also did steroids.

-Bohr effect: increase P-CO2 When cell respiration conks out; this increases the acidity of blood.  02 os therefore most effectively released to tissues in O2 debt.

Aim:  how do blood type and clotting work?

Blood type is determined by RBC surface glycoproteins and then interaction with blood Antibodies (Abs) that are not self reactive.

Ag=Antigen, on cell surface.

Ab=Antibodies, made by WBC, bond Ag's specifically.

Blood genetics:  A and B relate to codominant gene products expressed in RBC.  they are part of MHC (towle 942).  They are enzymes and the ability to make them is inherited.  They include:

-A factor, B factor, AB factors, Rh factor, O or no factor.

Antigen types:

Rhesus reactive or Rh antigens: + or-, referring to the presence or absence of Rh factor: separate inheritance from:

Landsteiner factors: A & B. Staph infections in newborns encourage antibody formation to “other” factor.
Combining Rhesus and Landsteiner, we have 8 blood types:

A+, B+, AB+, O+, and A-, B-, AB-, O-.

AB+ is the best recipient because it expresses no antibodies and does not react to foreign donor blood. 

O-  is the best donor because it expresses no antigens and is therefore non-reactive to recipient blood of any sort; recipient will not raise antibodies to it.

If you present the antigen of one type you typically do not have antibodies to it. B blood types express b and react to a.  A blood types express  a and react to B.

Rh incompatibility between mom (-) and fetus (+/- or +/+) is called erythroblastosis faetalis anemia. It is a type of hemolytic anemia whereby the mom’s antibodies attack a second child who is Rh+.  See kraus for details. 

Steps in blood clotting:

1) platelets break converting prothrombin -> thrombin.

2) Thrombin is released and Catalyzes conversion of soluble fibrinogen to  insoluble fibrin strings like a net.

3) Fibrin forms A net.

4) This immobilizes blood.

5) Clot forms.

6) Wound heals underneath the outside scab. Don't pick your scabs. It interferes with wound healing.

Aim: what are some diseases of the circulatory system And how do they cause damage?  

Diseases and disorders:

-Myocardial infarction or heart attack: Blood supply to the heart stops; coronary oxygen supply stops; cardiac tissue death results.

-Stroke: Loss of blood supply to bring commonly arterial 02 not delivered to bring combination of blood clotting and hypertension lead to this cardiovascular disease. Transient ischemic attack (TIA) mild form.
-Atherosclerosis: Plaque related hardening of arterial walls due to lipid cholesterol inserting itself within the wall.  See diagram of plaques. Angiograms are diagnostics for this. Remember arteries have increased pressure in such a closed system.  With high blood pressure, a rupture can occur.
-Arteriosclerosis: Deposits lead to hardening at middle of any arterioles or arteries loss of their elasticity  but not necessarily inner plaques.

-Anemia: deficiency of RBC and or HB can't bind iron / lack of iron reducing the ability of blood to transfer 02 to tissues. there are some genetic anemias as well.

Hypertension:  high blood pressure pushes on arteries . anything above 120/80 is high. that can lead to stroke , heart attack , heart failure.

Thrombosis: formation of a clot inside a vessel (usually artery ) obstructing blood flow. Sitting still makes it worse.  Post operatively, people need to move following orthopedic surgery to prevent clotting.
Murmur:  heart sounds due to turbulent bloodflow resulting from leaky heart valves AV valves. Like leaky faucet.

Valve defects : usually congenital effect  heart structure and blood flow.

Atrial fibrillation: irregular heartbeat /palpitations can lead to heart attack. Like a heart spasm or hiccup.
Cardiac arrhythmia : heart beats to fast or too slow can happen with a -fib.

The following are excess or deficient regarding normal range of heartbeat:

Tachycardia:  abnormally rapid heartbeat ; ventricles have no time to fill ; can be caused by certain illegal drugs.

Bradycardia:  resting heartbeat that is very slow or too slow.

The following are blood cancers technically known as neoplasms:

Leukemia: Cancer of the blood or bone marrow ; abnormal proliferation of WBC.

Lymphoma : lymphatic or lymphocyte cancer/ Hodgkin's.

Blood is a tissue.

Integument is several tissues /requires circulation for wound  healing.

Lymphatic and immune systems are dependent upon circulatory system . all blood cells come from Marrow / stem cells.

Injuries:

Contusions, hematoma's,  sub-skin bleeding, bruising all cause black and blue marks but some can cause serious internal injury.  A hickey is an old fashioned term for a very “specific” kind of bruise.
Edema is commonly known as swelling.

Look for demonstrations from heartbeat machine to illustrate normal heart rhythm bradycardia and tachycardia.

Pulse: “connects” to making connections state lab: Find your pulse right now.
Women and girls normally beat 80 beats per minute resting.

Men and boys normally beat 70 beats for minute resting.

I will send some songs (mp3), lyrics, and web links to you to supplement these notes. Please download, save all ASAP. Please print these notes before Monday the 10th of December 2012. Your test December 10, 2013 is on gas exchange and circulation.  Next units: excretion and immunity.
Holiday cheer!
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