Introduction:
The cardiovascular system is comprised of: the heart, blood and circulatory vessels (Sherwood,2016,298).  The cardiac cycle is the process by which the blood circulates throughout the system. The heart undergoes four stages during the cycle: (1) ventricular filling, (2) isometric contraction, (3) ventricular ejection, and then (4) isometric relaxation. Phases 2 and 3 occurs right after AV valve closes, and to when the aortic valve opens for ventricular ejection. This is systole. Diastole is phases 4 and 1 begins after the blood leaves the ventricle, the muscle relaxes, and all the valves close decreasing pressure. Once ventricular pressure drops below arterial pressure, the AV valves open again, repeating the cycle. Unlike humans, frog hearts consist of three main cavities instead of four, two atria and a ventricle (Sharma, 1961, 327-328).  Instead of having multiple groups of autorhythmic cells like humans do, Frog cardiac muscles rely upon the sinus venosus for action potentials to elicit cardiac contractions. Autorhythmic cells of the heart, self-propagate action potentials which maintains the overall rhythm of the heart. Understanding the mechanical and electrical properties of the frog heart is the intended purpose of this lab.
Several outcomes should be expected for this experiment. In the portion of the lab involving extrasystolic contraction, it is expected that extrasystolic contractions prompted at threshold and 2x threshold during late diastole should result with the same outcome. On the Electrocardiogram (ECG), it should show that there should be a contraction followed by another contraction, then a compensatory pause ending with an enormous contraction. For threshold during early diastole, there should be little to no extrasystolic contraction regardless on the amount of stimulating voltage. During vagal stimulation, it is expected to see a change in the rhythm of the contractions leading to bradycardia (slowing of the heart rate), and cardiac arrest. During the last portion of this lab, epinephrine was administered onto the ventricle of the heart where it would result in the increased heart rate, and faster muscle contractions.
Methods:
For the procedures in its entirety, refer to NPB101L Laboratory Manual (Bautista and Korber,2009,43-53).  A bull frog was used as the specimen to be studied. During dissection, steps were taken to ensure that no blood vessels were cut.  After the subject was dissected, and the ventricle of the heart what connected to a transducer. Both the transducer and the hook electrode was connected to the MP35 BioPac, which sent and recorded information to a computer containing the BioPac software.  The type of deviations from the lab manual that were given was that the copper wire needed to hook the frog heart to the transducer was already prepared prior which eliminated the need to burn it; and every time a new window that was opened in BioPac, it was required to input calibration numbers into the program. 
Results:
 Extrasystolic Contractions
Throughout the various categories set forth by the experiment, Table 1, shown below, reveals the different lengths in time for compensatory pauses measured in seconds (sec). The lowest stimulus to elicit an extrasytolic contraction was at 5.00 millivolts (mV) during late diastole and the compensatory pause last for 1.34 sec. When the stimulus voltage was doubled to 10.00 mV, the compensatory pause last for 0.24 sec. The longest compensatory pause at 1.56 sec was threshold during early diastole with a stimulus voltage at 4.00 mV.
Table 1: The following data is measuring the compensatory pause of the bull frog during various mechanical phases of diastole. One end of the copper wire was inserted into the ventricle of the frog heart, and the other end was connected to the pin of the force transducer. The force transducer was plugged into the MP35 BioPac which was connected to a computer running BioPac software. Spring clip #1 was attached to both the copper wire on the force transducer, and Grass Stimulator. Spring clip #2 was attached to both the frog leg and the Grass Stimulator. Lastly, spring clip #3 was attached to the frog leg and the data cord, which was plugged into the MP35 BioPac. The vagas nerve was connected to the hook electrode which are also connected the Grass stimulator sending data the MP35 BioPac. Averaging the first three peaks for every category reached was used to measured compensatory pause  using delta T tool in the BioPac software.
	
	Stimulus Voltage (mV)
	Compensatory Pause (sec)

	Threshold during Late Diastole
	5
	1.34

	2x Threshold during Late Diastole
	10
	0.24

	Threshold during Early Diastole
	4
	1.56



After observing how stimulus voltage effects compensatory pause, figure 1 displays measurements of the amount of muscle tension produced by the frog ventricle for each phases of diastole. Among the three categories, the strongest muscle contractions occurred at threshold during late diastole. Threshold during early diastole produced the second highest followed by 2x threshold during late diastole.
 
Figure 1: The above data is measuring the mechanical force from the ventricle of the bull frog during various mechanical phases of diastole. One end of the copper wire was inserted into the ventricle of the frog heart, and the other end was connected to the pin of the force transducer. The force transducer was plugged into the MP35 BioPac which was connecting to a computer running BioPac software. Spring clip #1 was attached to both the copper wire and Grass Stimulator. Spring clip #2 was attached to both the frog leg and the Grass Stimulator. Lastly, spring clip #3 was attached to the frog leg and the data cord, which was plugged into the MP35 BioPac. The vagas nerve was connected to the hook electrode which are also connected the Grass stimulator sending data the MP35 BioPac. Muscle tension was measured by grams(g). The amount of tension from highest to lowest is as followed: threshold during late diatole, threshold during early diastole, then finally 2x threshold during late diastole.
Vagal Stimulation
The vagus nerve was directly stimulated from the hook electrode that received stimulus from the Grass Stimulator during this portion of the experiment. Starting at stimulus voltage of 0.5 volts (V), the voltage on the stimulator was increased until bradycardia was achieved which was at 1.5 V. During bradycardia, the tension produced by the ventricular muscle decreased from baseline. When the stimulus voltage was increased to 1.75V, cardiac arrest was achieved. Once vagal escape appeared, after about 6 mins, and into recovery, the strength of muscle contractions returned to near baseline levels.

Figure 2: The above data is measuring the mechanical force from the ventricle of the bull frog during various phases of vagal stimulation. One end of the copper wire was inserted into the ventricle of the frog heart, and the other end was connected to the pin of the force transducer. The force transducer was plugged into the MP35 BioPac which was connecting to a computer running BioPac software. Spring clip #1 was attached to both the copper wire and Grass Stimulator. Spring clip #2 was attached to both the frog leg and the Grass Stimulator. Lastly, spring clip #3 was attached to the frog leg and the data cord, which was plugged into the MP35 BioPac. The vagas nerve was connected to the hook electrode, which was also connected the Grass stimulator sending data the MP35 BioPac. P-P tool in the BioPac software was use to analyze contraction strength of 3 separate peaks spaced 10 secs apart spanning each segment. In comparison to the baseline, the amount of tension decreased during bradycardia. Throughout vagal escape and 30 sec recovery, the tension increased to near baseline levels.
Electrical activity, on the other hand, showed the same decrease in voltage. Instead of returning to normal levels at baseline, it appears that the voltage increased during vagal escape and recovery. This change in electrical activity from baseline to recovery can be seen in Figure 3.
 
Figure 3: The above data is measuring electrical output from the ventricle of the bull frog during various phases of vagal stimulation. One end of the copper wire was inserted into the ventricle of the frog heart, and the other end was connected to the pin of the force transducer. The force transducer was plugged into the MP35 BioPac which was connecting to a computer running BioPac software. Spring clip #1 was attached to both the copper wire and Grass Stimulator. Spring clip #2 was attached to both the frog leg and the Grass Stimulator. Lastly, spring clip #3 was attached to the frog leg and the data cord, which was plugged into the MP35 BioPac. P-P tool in the BioPac software was use to analyze electrical output of 3 separate Q-Q waves spaced 10 secs apart spanning each segment.  The vagas nerve was connected to the hook electrode which are also connected the Grass stimulator sending data the MP35 BioPac. During bradycardia, the electerical activity decreases but the electrical activity during vagal escape and recovery exceeds baseline values.
The Effects of Epinephrine
In this portion of the lab, the effects of adding drops of epinephrine to the frog heart was observed. Within a few minutes of adding epinephrine, it was quickly evident on how quickly the ventricle reacted to the application, and there was an increase in contractile strength. 
 
Figure: The above data is measuring electrical output from the ventricle of the bull frog during various phases of vagal stimulation. One end of the copper wire was inserted into the ventricle of the frog heart, and the other end was connected to the pin of the force transducer. The force transducer was plugged into the MP35 BioPac which was connecting to a computer running BioPac software. Spring clip #1 was attached to both the copper wire and Grass Stimulator. Spring clip #2 was attached to both the frog leg and the Grass Stimulator. Lastly, spring clip #3 was attached to the frog leg and the data cord, which was plugged into the MP35 BioPac. After the application of the epinephrine, there was an increase in contractility of the ventricle.

Discussion
The mechanical and electrical properties of the frog were observed throughout this series of experiments which is dictated by various changes made to the cardiac cycle in response to metabolic needs (Shiels,2008,2005).
 In the frog, the sinus venosus provides the electrical autorhythmic stimulation needed for cardiac muscle contraction (Brown,1977,784) When an action potential from the sinus venosus propagates down the t-tubules of the contractile cells of the heart, Ca2+ from the extracellular fluid enters the cytosol via L-type Ca2+ channels (Sherwood,2016,309). This influx of Ca2+ causes a great amount more Ca2+ from the sarcoplasmic reticulum to be released via the ryanodine Ca2+ release channels thus increase of cytosolic Ca2+. The increase of Ca2+ in the cytosol will not only contribute to the contractility of the cardiac muscle but the excess of Ca2+ is the contributing factor to the long refractory period (Niedergerke,1963,545). Refractory period is the plateau phase where K+ is leaving the cell while Ca2+ is slowly entering the cell as the membrane potential is approaching the resting phase (Sherwood,2016,309). During the extrasystolic contraction portion of the lab, it was expected to see extrasystolic contractions being elicited during late diastole and not during early diastole. Extrasystolic contractions are early action potentials that elicits a contraction before the next normal action potential occurs (Sherwood,2016,307). When these types of contractions occur, there will be a normal contraction, quick contraction, a long compensatory pause and lastly a strong contraction.  The compensatory pause, according to the Frank-Starling mechanism, allows more time to stretch the cardiac muscle, fill the ventricle with blood leading to a stronger contraction (Shiels,2008,2005). The data received from the experiment contradicts this law. Eliciting an extrasystolic contraction during early diastole should not be possible until the membrane has recuperated enough to reactivate the Na+ channels (Sherwood,2016,310). Contractions during late diastole would have been possible if the ventricular contraction would be close to the end of its cycle accompanied with a strong enough stimulus during relative refractory period. As for the differences between threshold during late diastole and 2x threshold during late diastole, there should not be a difference in contractility by increasing voltage because of the all-or-none law. This law explains that a maximal action potential will or will not occur if threshold voltage is reached. The possible explanation for the discrepancy in data versus expectations is either the cardiac muscles of the frog heart was too sensitive to the voltage received from the stimulator, or the extrasystolic contraction occurred in the wrong mechanical phase of diastole.
During the vagal stimulation portion of the lab, it was observed how the parasympathetic nervous system would have reacted with direct stimulation to the vagus nerve. The parasympathetic nervous system is directly connected to the vagus nerve that innervates the heart (Sherwood,2016,319) which in frogs, it is directly connected to the sinus venosus (Bywater,1989,36). Parasympathetic stimulation is associated to the “rest-and-digest” response, where it reduces the firing rate of the pacemaker cells, decreased contractility and decreases heart rate, thus decreasing cardiac output (Sherwood,2016,239) Resulting from stimulation from the parasympathetic nervous system, the vagus nerve releases the neurotransmitter acetylcholine which binds to muscarinic cholinergic receptors to decreases how quickly the membrane potential reaches threshold. According research conducted by Dr. Bywater (1989), Acetylcholine is responsible for making the membrane potential more negative, and pushing the action potential to resting phase sooner (51). The change in membrane potential resulted in bradycardia that lead to cardiac arrest which supported what was observed in lab. When enough stimulation was supplied to the vagus nerve, the strength of the muscle contraction decreased and then stopping the heart. Observed in an experiment conducted by Dr. Wallace (1964), vagal escape arises from sympathetic stimulation weakening the effects of vagal stimulation which increases the autorhythmic dominance of the next group of pacemaker (99).
As mentioned previously, parasympathetic stimulation is responsible for slowing down the effects of the heart muscle during moments of relaxation (Faller,2004,219). Sympathetic stimulation, on the other hand, is the “fight or flight” response preparing the body to fight at a moment’s notice (Sherwood,2016,238). This includes increasing heart rate and increasing contractility of the cardiac muscles which increases cardiac output. When the body undergoes stress, the sympathetic nervous system triggers the release of epinephrine and norepinephrine from the adrenal medulla which increases Ca2+ concentration in the cytosol allowing more cross-bridge binding cycles to occur leading to stronger contractions. When epinephrine was applied to the frog ventricle, the data showed increase in contractile force of the frog heart which collaborate with the literature.
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CONTRACTION OF A Frog Heart after the application of Epinephrine
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