BIO 111 Worksheet lab #3:  The fetal heart (pg 160-162) and non-fetal heart (175-177).

What is the function of: 

An atrium receives blood into the heart
A ventricle  sends blood out of the heart




An artery  transports blood away from the heart
A vein brings blood to the heart
Remember the AV RULE:  the A and V always go together:  when looking at a heart, Veins are attached to Atria and Arteries are attached to Ventricles.  

It is very important to remember that the heart is like a two-pump system… the left side and the right side function simultaneously and independently.  This allows the heart to send blood through two circuits at the same time:  the right side of the heart powers the pulmonary circuit (low-oxygenated blood is sent to the lungs and returns to the heart with high oxygen) and the left side of the heart powers the systemic circuit (high-oxygen blood is sent out to all the tissues of the body and returns to the heart with low oxygen).
At home color below:  BLUE where blood has lower oxygen and RED where blood has higher oxygen. QUIZ FROM LAST LAB:  WHICH IS MORE ACIDIC:  THE BLOOD WITH HIGH OXYGEN/ LOW CARBON DIOXIDE, OR THE BLOOD WITH LOW OXYGEN/HIGH CARBON DIOXIDE??

Trace path of blood in adult;  Use p. 158 for help:

Oxygen-poor blood enters heart through the VENA CAVA and goes into RIGHT ATRIUM. Blood then passes through an AV valve to the RIGHT VENTRICLE.  Blood then leaves the heart through the PULMONARY TRUNK which branches into PULMONARY ARTERIES that enter the lungs.  In the lungs, CO2 is dropped off and O2. is picked up.  Blood returns to the heart via the 

PULMONARY VEINS. The movement of blood out of the heart, to the lungs, and back to the heart, is called the “PULMONARY Circuit”.  Blood now enters the LEFT ATRIUM of the heart.  It passes through an AV valve to the LEFT VENTRICLE.  Now blood leaves the heart via the AORTA and heads out into the body.  In the body the path is arteries(capillaries(veins(vena cava.  The passage of blood out of the heart to the body and then back to the heart again is called the “SYSTEMIC Circuit”.  

The two sides of the heart keep oxygenated and deoxygenated blood separate.  The pulmonary circuit and the systemic circuit are separate.

Blood path in the fetus… start with oxygenated blood entering the fetus from mother’s placenta:

Look at page 160:  Notice that oxygenated and deoxygenated blood can freely mix in the heart and vena cava… the blood from the umbilical vein is very high in oxygen, and in the heart it mixes with deoxygenated blood coming back from the lungs and body.  (Blood coming back fro the lungs is deoxygenated in a fetus because gas exchange does NOT occur in the lungs.)  This is OK—the fetus needs no pulmonary circuit and has relatively low oxygen needs (reletive to an active adult!)  The pink color below represents oxygenated blood that has mixed with deoxygenated.
Oxygen-rich blood enters fetus through the UMBILICAL VEIN. Although part of the blood feeds the tissues of the liver, most goes straight through the liver and enters the  VENA CAVA which takes blood to the heart.  Blood enters the RIGHT ATRIUM first.  Now there are two possible pathways for the blood to take.  Part goes through AV valve to the RIGHT VENTRICLE, which is the same as in adults.  But most BYPASSES that route, by sneaking through the OVAL WINDOW to the LEFT ATRIUM.  Once the blood is there, it can go into the aorta to the body.  That is the first way that blood avoids going to the pulmonary circuit in fetuses.  The blood that went the regular way now leaves the heart via the PULMONARY TRUNK the beginning of the pulmonary circuit).  Although a little blood does continue through the pulmonary circuit, most sneaks into the aorta via the ARTERIAL DUCT.  This is the second way that blood avoids going to the pulmonary circuit in fetuses.  The aorta takes blood into the “SYSTEMIC circuit.”  However, instead of all blood going through capillaries and returning to the vena cava (as it must in adults), some is removed by the UMBILICAL ARTERY which takes blood back to the mother to pick up more

Know the differences between the fetal heart and circulatory pattern and that of the adult.  Be able to trace the movement of blood through the fetal heart (top of page 161). Fill in table 13.3:
The vessel with highest oxygen

blood passage from right to left side of heart

Fetus
umbilical vein


Fetus oval window/ oval opening

Adult
pulmonary vein

Adult  must go through pulmonary circuit
Entrance of blood into aorta


Area of gas exchange


Fetus
left ventricle AND 

Fetus placenta
arterial duct


Adult lungs

Adult
left ventricle





-- How does oxygen get into the fetus? How does carbon dioxide leave the fetus? Oxygen from the mother’s blood enters the fetal blood at the placenta, and then enters the fetus through the umbilical vein.  Note that this vein has OXYGENATED blood.  Fetal blood leaves the fetus via the umbilical artery (OXYGEN POOR blood!), and the carbon dioxide is exchanged for oxygen in the placenta.  The fetal blood then returns to the fetus.  
--Why does most blood bypass the lungs instead of going through them? The lungs are not the respiratory surface of a fetus, so there is no need for all the blood to pass through the lungs.  A little goes to the lungs to nourish them, but most bypasses the pulmonary circuit entirely.  In contrast to the mature heart (which operates like a 2-pump system, keeping high-oxygen and low-oxygen blood separated) the fetal heart simply passes blood through and on to the body.

--What are the two structures associated with the fetal heart that allow blood to bypass the pulmonary circuit? Oval window, arterial duct
The oval window is a way for most blood to bypass the pulmonary circuit:  by allowing blood to go directly from the right atrium to the left atrium, it skips the right ventricle… and the job of the right ventricle is to send blood to the lungs (through the pulmonary trunk and pulmonary arteries).

The arterial duct is a second way for blood to bypass that pulmonary circuit:  as blood is heading down the pulmonary trunk towards the branches of the pulmonary arteries, a lot of it takes a detour: through the arterial duct that connects the pulmonary trunk to the aorta.  Thus, only a small amount of blood goes to the lungs… most is shunted to the aorta, which takes blood to the tissues of the body.
DISSECTIONS:  Compare the heart of your fetal pig with the heart of a born calf.  

I.  Page 162 and 163.  Remove membranes and tissue from all around your pig’s heart (keep the lungs intact); to see the arterial duct you will have to push the heart to the right side. 

FIND  



Anterior and posterior vena cavae
Right and left atria

Right and left ventricles

Arch of aorta (top of heart, out of Lt ventricle)

Pulmonary trunk (top of heart, out of R ventricle)

Pulmonary arteries, pulmonary veins 

(look between lung and heart)

Arterial duct (follow aorta: this is where it

connects to pulm trunk in fetus)

II.  Page 175 and 176.  Select a calf heart from the bucket and take it to your desk.  Be sure you can identify structures from the inside and outside.  You can figure out which vessel is which by remembering the path of blood through the heart! (Some vessels look like holes buried in fat).

FIND

right atrium



cardiac veins / coronary arteries



vena cava 



septum (separates the ventricles)



right ventricle



chordae tendonae



pulmonary trunk


aorta



left atrium



left ventricle



pulmonary artery

Which is chamber has the thickest wall and why? The left ventricle is the strongest chamber because it has the hardest job:  pushing blood out into the capillary beds of the body tissues.

What is the function of the chordae tendonae? The “heartstrings” hold the AV valves in place while the heart contracts.
EXERCISES We will do page 178, C47-C49 TOGETHER in two separate groups.
The electrocardiogram C47-C49

--Why does a muscle generate an electric current?  That is, what has to happen at the cellular level before the muscle fibers can contract or relax?  Notice that both contraction and relaxation generate current.  When a muscle is in a resting state it is not generating a current.

---On an ECG readout, recognize an individual heartbeat, and know what each of the three peaks represents.  Also know the LETTERS ( P curve, QRS curve, T curve.  (Page C48). Do not work hard to learn the difference between “depolarization” and “repolarization”… contraction and relaxation is sufficient!  

-- On an ECG readout, be able to calculate a heart rate.  For instance, if we have a ECG readout that shows 10 seconds on the bottom axis and shows 8 heartbeats along the top axis, what is our heart rate per minute?  

Answer:     8 beats/10 seconds = x beats/60 seconds  

thus, x=42 beats per minute

If we have 10 seconds recorded, we must multiply that by 6 to get to a minute (60 seconds).  So we also multiply the heartbeats times 6… the answer is 42. (extremely low:  perhaps an Olympic athlete!) You should be able to figure out the heart rate given a 3 second interval, or 5, 6, 10, 20 etc…..
-- You can identify heart problems by looking at an ECG only if those problems cause alterations in the quality, duration, or order of muscle contraction or muscle relaxation. 

Pages 179-182  Do these pages with your lab partner:  follow directions and answer all questions.  When you are through, be sure you know:

----What is the difference between systole and diastole?

Systole describes the contraction of a heart chamber and diastole describes the relaxation of a heart chamber.  Since the atria contract and relax simultaneously and the ventricles contract and relax simultaneously, we can identify systole and diastole as “atricular” or “ventricular”. 

--What causes the lub and dub part of a heartbeat?

You are hearing the valves of the heart slap shut.  The “lub” occurs after blood passes between the atria and the ventricles:  the AV valves then clap shut so that blood can’t wash backward.  The “dub” occurs when the blood passes from the ventricles into the major arteries:  the semilunar valves then clap shut so that blood cannot wash backward.  A “heart murmur” is the sound of blood slipping backward through a valve that is not closing tightly.

--What causes “blood pressure”… what is being measured during systole and diastole?  

Blood pressure is a measure of the force that causes blood to move through your arteries to the capillary beds in tissues—this force is generated by the left ventricle. When the left ventricle contracts, the force of blood causes the walls of arteries to stretch and expand—this is why you can feel your pulse.  BP is always higher in arteries closer to the heart and lower in the capillaries and veins. When the cuff is pumped up, blood flow in the arteries is stopped;  when enough air is released to hear the heartbeat, then you are measuring the highest pressure exerted by the blood in those arteries… at the strongest point of the heartbeat, a little blood can push it’s way through.  When you can no longer hear the heartbeat, and you feel a little “woosh” of blood on your arm, that is the lowest pressure exerted and blood is now passing through the arteries throughout the heartbeat.

--During a heartbeat, when is blood pressure higher:  atricular or ventricular systole? Why?  Ventricular systole would create a higher pressure.  When we measure “systolic” BP we are measuring the force created by ventricular systole.  “Diastolic” BP is the force that continues to be exerted when the ventricles are relaxed.  Systolic BP should therefore always be higher than diastolic BP.  (While the ventricles are relaxing, the atria are in systole… but that doesn’t affect your blood pressure because atria do NOT push blood into arteries!) 

--What is your blood pressure, and how do you compare to the normal range of a young adult?

Normal blood pressure is around 120/80, but that will vary up and down over the course of a day. Smaller people will tend to have generally lower average BP and larger people will tend to have generally higher average BP.  Some people require medication to lower their blood pressure… blood pressure that stays at 140/90 or higher all the time is considered high. High BP is dangerous because the walls of some vessels might be over-taxed and break.  Vessels at high risk are the ones that feed the heart tissue (coronary arteries) because they branch off at the area of highest pressure yet are small, with thinner walls. 

-- How does exercise affect your systolic and diastolic pressures? 

Exercise will increase the heart beat rate and also increase systolic BP… this happens because the heart is working harder and faster to push oxygen to the body’s tissues—when you exercise your muscle cells work really hard to make energy, so they have a greater demand for oxygen.  Blood flow to working muscles can go up as much as 35 times normal!  Systolic BP tends not to change much with exercise because it measures the inherent background elasticity (resistance) of arteries.
