Cardiovascular Function In Rana pipiens
Overview

The rate and force of ventricular contraction (sometimes referred to as “systole”) are controlled by various intrinsic and extrinsic factors acting on the heart at a given instant.  A vertebrate heart is myogenic, or able to generate its own contractions and maintain the pace of the heartbeat without input from other parts of the body, including the nervous system.  Despite this ability, the heart rate is often controlled, at least partially, by the autonomic nervous system (ANS) and/or endocrine system, which discharge chemicals that alter both the rate and force of ventricular contraction.  

The Autonomic Nervous System (ANS) is composed of two antagonistic branches that control many of the organs and tissues of the body.  These two branches, the sympathetic and parasympathetic branches, dominate at different times and under differing conditions.   The sympathetic division of the ANS, often referred to as the “fight or flight” system, reigns during times of perceived danger, anxiety, fear or excitement.  This division tends to speed up the heart rate (positive chronotropy) when its nerves discharge norepinephrine (NE) onto Beta 1 adrenergic receptors on the heart.  The parasympathetic branch of the ANS, often referred to as the “rest or digest” system, reigns during times of relaxation. This division tends to slow the rate of contraction (negative chronotrophy) when its nerves discharge acetylcholine (Ach) onto muscarinic cholinergic receptors on the heart. The overall heart rate at any given moment tends to reflect the extent to which either branch of the ANS is actively secreting its product(s) onto the heart.

The endocrine system can also modulate heart rate and force of contraction, primarily through the release of Epinephrine (Epi).  Unlike norepinephrine and acetylcholine, epinephrine acts as a neurohormone.  It is stored and released by a gland (the adrenal gland) and travels through the blood stream to its target tissue(s).  One such target tissue is the heart.  Epinephrine, like norepinephrine, binds to B1 adrenergic receptors on the heart and brings about a similar physiological response (+ chronotrophy).  

External conditions, when imposed on an animal, can induce changes in heart rate.  For example, infusion of the heart with a pharmacological agent can either enhance or inhibit the activity of one or both branches of the ANS.  Some chemicals, generally categorized as  “agonists”, enhance  the activity of an endogenous (arising from the animal itself) neurotransmitter or even mimic the action of that neurotransmitter at its receptor site.  The physiological response to the activity of many agonists is indistinguishable from the endogenous neurotransmitter that it mimics or assists.  Other chemicals act by blocking or retarding receptor sites to which an endogenous neurotransmitter binds.  These chemicals are known as “antagonists” and, depending upon the receptor(s) upon which they act, may halt or even reverse the physiological effect of an endogenous neurotransmitter at its receptor site.  
The force and rate of ventricular contraction are tightly linked, such that the force is often directly influenced by the rate (but NOT visa versa).  Starling’s Law of the heart, first verbalized in the early 1900s, illustrates an attempt to explain the link between heart rate and force of contraction.  This law states that the amount of stretch of the myocardium (muscle cells of the heart) determines, to a great extent, the amount of force produced during contraction. Specifically, the greater the distention of the ventricle at the time of contraction, the greater the amount of force developed by the muscle and the greater the volume of blood ejected by way of contraction. The amount of blood ejected (in mL) per contraction is known as stroke volume (SV).  Since heart rate determines the amount of time the ventricle(s) has to fill with blood between contractions, heart rate tends to be inversely related to the level of stretch and the force with which the ventricle contracts. Following this logic, it is fair to assume that as heart rate increases (and ventricular filling time decreases),  the level of stretch and the force produced during contraction decrease.  So does the stroke volume. This law has been illustrated in a number of animal models, including humans.  

Despite the validity of Starling’s Law, there are some important exceptions that must be addressed.  Certain substances (both endogenous and exogenous) have been shown to defy Starling’s Law and its predictions.  One such example is norepinephrine, the main neurotransmitter of the sympathetic division of the ANS.  Norepinephrine, as mentioned previously, tends to increase the heart rate of animals. Starling’s Law would therefore predict a decrease in the amount of stretch of the myocardium due to a decrease in ventricular filling time.  This translates into less blood ejected per contraction. This is not always the case, however, as studies on mammals have illustrated that norepinephrine can not only increase heart rate but also stroke volume!  Agents like norepinephrine may cause muscle fibers to contract more forcefully despite the decrease in stretch.  Agents that increase the force of contraction are called positive inotropic agents. 
In today’s laboratory exercise, you will use a force transducer to measure the mechanical activity of the amphibian heart.  After determining baseline measurements (heart rate and contractile force), you will subject the heart to various treatments and observe the response. Specifically, you will:

1. Simulate activity of the autonomic nervous system (ANS) by applying Norepinephrine (or Epinephrine) and Acetylcholine to the exposed heart.
2. Examine the effect of cold temperature on cardiac muscle activity.
3. Identify an unknown pharmacological agent based on it’s mechanism of action (Beta1 or muscarinic agonist or antagonist)
Equipment Required

Computer

iWorx data acquisition unit and cable 

FT-100 force transducer

(2) Ring stands and clamps

Stimulating electrodes

Suture thread

Dissection tray, instruments and pins

Solutions

· 50 mL Frog Ringer’s Solution (room temp)

· 20 mL Frog Ringer’s Solution (cold/chilled) – do not obtain until exercise #3.
· 1 mL Norepinephrine (or Epinephrine) equivalent to one full pipette

· 0.25 mL Acetylcholine equivalent to ¼ pipette 
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Place each of the solutions above in separate beakers/pipettes and label with tape 
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Equipment Setup

NOTE: the following may have already been set up for you.
1. Plug the DIN connector on the cable of the FT-100 force transducer into Channel 3 of the iWorx/214 unit. 
2. Arrange the clamps on the ring stand so that: 

· The force transducer is about 10 cm above the frog heart; the blade of the transducer should be parallel to the plane of the floor 

3.   If your frog heart arrests during any of the procedures, set up the following (NOTE:  this step is only necessary if your heart stops beating.  Otherwise, do not plug in the stimulating electrodes):  
· Plug the BNC-double banana adapter into the positive (red) and negative (black) sockets of the iWorx 214 stimulator panel. Check the side of the double banana adapter for a tab, often embossed with the letters GND. This is the side of adapter that goes into the negative (black) socket of the stimulator. 
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The equipment used to record the mechanical contractions of the frog heart. 

Start the Software

1. Click the Windows Start menu, move the cursor to Programs and then to the iWorx folder and select LabScribe; or click on the LabScribe icon on the Desktop. 

2. When the program opens, select Load Group from the Settings menu. 

3. When the dialog box appears, select Heart Muscle from the drop down list under the Settings tab. 

4. After a short time, LabScribe will appear on the computer screen as configured by the Heart Muscle settings. 

The Dissection

Hints:

1. Keep the exposed heart moist with Ringer's solution until the experiments have been completed. 

2. Be prepared to do your experiments quickly and efficiently, because the frog heart dies quickly. Perform your data analysis after all of the exercises have been completed. 

3. Keep the open area of the body small. Only open the area over the heart. The advantages are: 

· The frog’s tissues will not dry out as quickly. 

· The small opening can hold a pool of frog Ringer's solution, which will keep the entire heart moist at all times. 

· Blood loss will be kept to a minimum. 

Procedure

Before you begin dissection, view the movie clips (expose frog heart, hook frog heart) on your computer by selecting the Movie Folder icon on the desktop.  

1. Place the frog ventral surface up, in the dissection tray. 

2. Use forceps to grasp the skin over the center of the pectoral girdle and use sharp scissors to make a cut to the skin. Use the scissors and forceps to remove the skin over the left (the frog's left) half of the pectoral girdle. 

3. Use the scissors to cut through the pectoral girdle: first, in the mid-line; second, under the left arm pit. Cut with the tips of the scissors up. 
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Cutting the pectoral girdle 

4. Carefully cut the girdle away from the belly area. Lift the flap of the girdle to expose the (beating) heart. Flush the area with frog Ringer's solution. 

5. While lifting the flap of the pectoral girdles, cut it away from the throat region and remove it. Again, moisten the heart with frog Ringer's solution. 

6. Examine the heart. Notice that a white, translucent pericardial sac may still cover it. Use forceps to grasp the pericardial sac while being careful not to impale the heart. 
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Heart surrounded by the pericardium 

7. Grasp an edge of the pericardial membrane with forceps and pull it to one side. Dissect away the pericardial membrane from the heart. 

8. Move the dissection tray and adjust the position of the frog so the heart is directly below the blade of the transducer. 

9. Use forceps to grasp the apex of the ventricle and push the point of a hook (cutting needle found at the end of the suture thread) through the muscle mass at the tip of the ventricle. Push the hook through the ventricle wall until the bend of the hook comes through the other side. 

10. Tie both of the free ends of suture together through the opening in the force transducer blade.  Use a small bit of wax to secure the thread onto the blade if necessary.   
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Completed preparation with the heart 

11. Loosen the clamp that holds the transducer on its stand.  Gently raise the transducer to place tension on the suture thread attached to the heart.  Continue to raise the transducer until the ventricle is raised out of the body cavity. 

12. Re-secure the transducer by tightening the clamp on the stand.

13. Cut away any connective tissue attachments so the heart beats freely. Do not cut any of the vessels attached to the heart. 

Exercise 1: The Resting Heart Rate

Goal: To record the relative force and frequency of contraction in a resting heart.  

Procedure

1. Type "Resting" on the comments line to the right of the Marks button. 

2. Click Start to begin recording. As the trace is running, click AutoScale to increase the size of the deflection in the Main window. Press the Enter key on the keyboard to attach the comment to the record. 

3. Record about 15 seconds of contractions. 

4. Click Stop to halt recording. 

5. Moisten the heart with Frog Ringer's solution. 

6. Select Save As in the File menu. Name the file and save it within your class folder, under My Documents. Click the Save button to save the file (as an *.iwd file) 

Exercise 2: The Effects of Drugs on Contractile Force and Frequency

Goal: To monitor the effects of Norepinephrine (or Epinephrine) and Acetylcholine on the amplitude and rate of heart contraction.

Procedure

Norepinephrine (or Epinephrine) 

1. Type Nor  (or Epi if used) on the comments line to the right of the Marks button. 

2. Click Start to begin recording. As the trace is running, click AutoScale to increase the size of the deflection in the Main window. 

3. Record about 15 seconds of contractions. 

4. Use a Pasteur pipette to apply one full pipette of room temperature Norepinephrine (or Epinephrine) solution to the heart. Press the Enter key on the keyboard when the solution is dropped on the heart. 

5. Continue to record the trace of the heart for 15-30 seconds after the application of the treatment. 

6. If no observable change has occurred after 30 seconds, wash the heart vigorously with room temperature Ringers Solution and begin again at Step #1 (check with your TA to see if you need to increase the dosage).   Note: if you add Ringers Solution to the heart while a trace is running, you MUST mark the record.
7. Once a response is observed and recorded, click Stop to halt recording. 

8. Flush the heart with fresh, room temperature Ringer's solution. Be sure to suction out Ringer’s solution that accumulates around the heart with a pipette (it is likely to contain some norepinephrine). Continue to flush the heart with Ringer’s and remove it into your waste beaker until the heart rate appears to return to its resting value.
9. Select Save As in the File menu. Name the file and save it within your class folder, under My Documents. Click the Save button to save the file (as an *.iwd file) 

 Acetylcholine 

1. Type "Ach" on the comments line to the right of the Marks button. 

2. Click Start to begin recording. As the trace is running, click AutoScale to increase the size of the deflection in the Main window. 

3. Record approximately 60 seconds of contractions. 

4. Use a Pasteur pipette to apply 1 drop of room temperature Acetylcholine solution to the heart (or the amount specified by your TA).  Press the Enter key on the keyboard when the solution is dropped on the heart. 
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If the heart "arrests", rinse the Acetylcholine solution from the heart using fresh, room temperature Ringer's solution. If the heart is still "arrested" after 10 seconds, use the stimulating electrodes to regenerate contractions 
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5.   Record the trace for at least 60 seconds after the treatment is added.  If no change is observed, continue to run the trace another 30 seconds.

6.   If no change is observed after 90 seconds of the treatment, rinse the heart vigorously with Ringer’s solution and begin again at Step #1 (check with your TA about increasing your dosage).  Be sure to suction up excess fluid residing around the heart using a pipette (place into waste beaker) before starting your experiment over.  
7. Once a response is observed and recorded, click Stop to halt recording.

8.  Flush the heart with fresh, room temperature Ringer's solution until the heart rate appears to return to its resting value. 

9.  Select Save As in the File menu. Name the file and save it within your class folder, under My Documents. Click the Save button to save the file (as an *.iwd file) 

Exercise 3: The Effect of Cold Temperature on the Heart

Goal: To monitor the effects of cold Ringer’s Solution on the amplitude and rate of heart contraction.

Procedure

1. Type "Room Temp" on the comments line to the right of the Marks button. 

2. Click Start to begin recording. As the trace is running, click AutoScale to increase the size of the deflection in the Main window. 

3. Record about 30 seconds of contractions. 

4. Use a Pasteur pipette to apply half a pipette of ROOM TEMPERATURE Frog Ringer's Solution to the heart.  Press the Enter key on the keyboard when the solution is dropped on the heart. 

5. Locate the cold Frog Ringer's Solution and suction an entire pipette full of the cold solution. 

6. Type "Cold" on the comments line. Shortly after the addition of room temperature Ringer's, use a Pasteur pipette to apply a half pipette of cold Ringer's Solution to the heart. Press the Enter key on the keyboard when the cold solution is added. 

7. If no change in the trace is observed after 30 seconds, wash the heart with room temperature Ringers solution and begin again at step #1. Repeat until a change in the trace is observed.

8.  Click Stop to halt recording. 

9. Select Save As in the File menu. Name the file and save it within your class folder, under My Documents. Click the Save button to save the file (as an *.iwd file). 

10.  Flush the heart with room temperature Ringer’s solution

Exercise 4: Identification of an Unknown Pharmacological Agent

Goal: To determine the identity of an unknown chemical based on its effect on the heart.
Procedure

1.  Locate your instructor/TA and indicate that you are ready for your unknown.  

2.  Listen to the directions given to you and return to your station with the unknown. 

3. Type “unknown” on the Comments line to the right of the Marks button

4.  Click Start to begin recording. As the trace is running, click AutoScale to increase the size of the deflection in the Main window. 

5.   Record the trace for the directed period of time before adding the unknown.  

6.   Use a Pasteur pipette to apply the unknown to the heart of the frog (in the amount specified and using the method specified by your TA or instructor).  Be sure to hit the Enter button upon addition of the unknown. 

7.   Wait the time indicated for a response to appear on the trace. 

8.   Click Stop to halt recording when you are certain you have observed a response in your trace. 

9.   Rinse the frog heart vigorously with room temperature Ringers solution, removing excess fluid surrounding the heart using a pipette.  Dispose of the waste fluid in your waste beaker

10. Select Save As in the File menu. Name the file and save it within your class folder, under My Documents. Click the Save button to save the file (as an *.iwd file). 

11. If needed, continue to flush the heart with room temperature Ringer’s solution until the heart appears to return to normal

12. Based on the results you obtained from your unknown (did the unknown affect the rate and/or force of contraction?), decide how best to test the mechanism of action of the unknown.  Is the unknown an adrenergic agonist?  A muscarinic antagonist?  How would you go about using the materials in the lab to test these hypotheses? THINK!
13. Check your proposed experiment with your TA or instructor.

14. Run your experiment.  Be sure to mark the record every time a solution is added to the frog heart. 

15. Record your methods and observations in your lab notebook.

16. Make conclusions regarding the mechanism of action of your unknown and note your conclusion in your lab notebook.
Data Analysis

Experiments 2 & 3:

In these experiments, you should have recorded cardiac activity before and after the application of a test solution.  To analyze data you should:  

1. Scroll to the section of data that is relevant to the addition of each treatment. If necessary, click AutoScale to maximize the size of the responses in the window. 

2. Scroll to the Mark indicating the point at which a solution was applied to the heart or use the GoTo command in the Marks window to locate a mark within the trace. 
3. Measure the contraction period and amplitude at three points before (control values) and three points after (experimental values) the addition of the treatment.  The data points should be spaced equally in time. For example, if you see a response to the test solution within 10 seconds of addition of the solution, you could select data points at 3, 6 and 9 seconds.  Then you must select data points using the same interval before addition of the treatment (i.e. at  t = – 3, -6 and -9 seconds).  NOTE: addition of the treatment occurs at time = 0 sec.
4. To measure contraction period and amplitude, click the 2-Cursor icon so that two blue vertical lines appear within the Main window. Move the cursors to positions in the recording window as follows: 

· The period of the contraction, or the time elapsed between two contractions, is measured by placing the cursors on two adjacent peaks of ventricular contractions.  The period is the value for T2-T1, displayed in the upper left side of the Main Window. 

· The amplitude of the heart contraction is measured as the voltage difference between the cursors placed on the baseline (or valley) and the peak of the ventricular contraction. The amplitude is the value for V2-V1, displayed in the upper right corner of the channel window. 

5.  Calculate the heart rate from the contraction period. Record each calculation in your laboratory notebook and show all work!  Include units for heart rate. 

6.  Use MS Excel to graph the heart rate and force of contraction as a function of time for each treatment (treatments are NE, Ach and cold Ringers solution).  At the end of the lab, you should have six graphs:  1) force of contraction (amplitude) before and after addition of NE/Epi  2) heart rate before and after addition of NE/Epi  3) force of contraction before and after addition of Ach  4) heart rate before and after addition of Ach  5) force of contraction before and after addition of cold Ringers  6) heart rate before and after addition of cold Ringers 
Thought Questions

Use your data to answer the following questions. Record all answers in your laboratory notebook.

1. How was force measured in this experiment? Explain using words or a diagram.  What units are used by LabScribe to represent force? 

2. What effect does Acetylcholine have on the strength (force) of ventricular contraction?  What effect does Acetylcholine have on the rate of ventricular contraction (the heart rate)? Use your data to support your answer. 

3. What effect does Norepinephrine/Epinephrine have on the strength (force) of ventricular contraction? What about the effect on heart rate?  Use your data to support your answer.

4. What effect does cold frog Ringer's solution have on the strength and rate of ventricular contraction? What mechanism is responsible for this effect?

5. For each of the experimental conditions ( NE, Ach and cold Ringers), explain what outcome would be predicted by Starlings Law (for ex: how would addition of Ach affect the overall force of ventricular contraction and stroke volume)?  Did any of your experimental results support predictions of Starlings Law?  Explain how & why (or why not).   BE SPECIFIC in your answer (i.e. how did each of the experimental conditions effect heart rate, stretch, etc…)
6.  What was the initial response to your unknown solution (heart rate)?  By what mechanism did you hypothesize the unknown was acting on the heart? EXPLAIN!

7. How did you go about running your experiment to determine the mechanism of action (agonist/antagonist) of your unknown?  On what receptor(s) did you hypothesize the unknown was acting?  What trend(s) in the data did you observe during your experiment?  What was your final conclusion regarding the identity of your unknown? Explain.
